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ABSTRACT

Objectives: Sickle cell anemia is the most common genetic disorder that affects hemoglobin.
People with this disorder have atypical hemoglobin molecules called hemoglobin S, which can
distort red blood cells into a sickle, or crescent shape. Sickle cell disease is an increasing global
health problem. Estimates suggest that every year approximately 300,000 infants are born with
sickle cell anemia, which is defined as an autosomal recessive disorder. The objective of this
study is to show that the newborn screening of sickle cell anemia is possible through the
procedure by utilizing the cord blood.

Materials and Methods: A total number of 30 samples were collected from individual mother
and cord blood. DNA was extracted from 13 mothers and 13 fetal cord blood samples and
used these DNA to detect sickle cell anemia using wild type and mutant type primer.
Results: B hemoglobin gene was amplified by wild type and mutant type primer using PCR
and revealed 517bp and 267bp length DNA fragments, respectively. In this study, it was
observed that only one homozygous (Hb S/S) mother and newborn found. Most of the
mothers and newborns were carrier of sickle cell anemia which means they were heterozygous
(Hb A/S). Two pairs were found where mother was carrier, but newborns were healthy (Hb
A/A).

Conclusions: With this study, it can come to the point that the newborn screening of sickle
cell anemia is possible through the procedure by utilizing the cord blood that is wasted every
time during delivery. By maternal screening in this way, the probability of disease transmission
can also be checked earlier. For Bangladesh, this approach can be an effective tool for
screening sickle cell anemia.
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and prevalent in almost 89% of births and
thus need much attention for treatment and
prevention. A significant variant is carried
by no less than 5.2% of the world population

INTRODUCTION
Hemoglobinopathy is one of the global
crucial health dilemmas whereas around 7%

of the inhabitants are carrier of hemoglobin . 0
containing more than 7% pregnant women.

disorders [1]. The abr}ormal molecular Hemoglobin S is responsible for 40% of
structure of hemoglobin generates the . .
. . . carriers but causes over 85% of sickle-cell
hemoglobinopathies where sickle cell . . .
; . ) disorders because of localized very high
anemia is one of the main

i 1 2].
hemoglobinopathy in many regions of the carrier prevalence [2]

2.7 conceptions among 1000 are affected

world including the Southeast Asia as well as
with a hemoglobin disorder causing around

Bangladesh.

Hemoglobin disorders originally affected
75% of births, potentially affecting 60% of
the countries. But now, it is more common

1.1% of parents worldwide at risk. Still,
preventive measures can make only a small.
impression. In high-income countries most
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affected children survive with a chronic disorder, while in
low-income countries most die before the age of 5 years.
Hemoglobinopathies accounts for almost 3.4% of mortality
in children who are less than 5 years globally [3].

A person with a mutation in both copies of the gene gets
the sickle cell anaemia. Until about 6 weeks of age after birth
hemoglobin F dominates, then, haemoglobin A takes over
throughout life. Both p-globin subunits in haemoglobin A
are replaced with haemoglobin S in people diagnosed with
sickle cell anaemia [4]. On the other hand, a single abnormal
copy with a normal copy of the hemoglobin gene causes
sickle cell trait. Such people are also referred to as carriers.
Usually, there is no health problem in sickle cell trait unless
exposed to extreme conditions like dehydration and altitude.

Sickle-cell disease is one of the most common monogenic
disorders associated with phases of acute illness and
progressive organ damage [5]. Hemoglobin S (HbS) is
caused by a mutation in the 17th nucleotide of $-globin gene
where thymine is changed to adenine and consequently, the
sixth amino acid becomes valine instead of glutamic acid. A
hydrophobic motif is produced in the deoxygenated HbS
tetramer due to this mutation that results in binding between
1 and B2 chains of two haemoglobin molecules. A polymer
nucleus is produced from this crystallisation, which grows
and fills the erythrocyte. Thus, the architecture and flexibility
are disrupted, and cellular dehydration and oxidative cellular
stress are promoted [6].

In Bangladesh, anemia has found to have greater
significance in public health problem. It has been estimated
in recent years that anemia is affecting the life of 27 million
children and women [7]. It affects the quality of life,
particularly among the poor by hampering health, physical
and mental productivity. But the severe conditions are found
in children who are carry sickle cell anemia, showing much
difficulty in different stages of life span. For survival and
development of present and future generations, it has
become more important to give emphasis on the prevention
and control of anemia in Bangladesh. Along with iron
deficiency anemia, sickle cell anemia also recognized in
Bangladesh, but the information regarding sickle cell anemia
was found very tiny. Detection of sickle cell anemia is much
more difficult than iron deficiency anemia as this disease is
caused by specific gene. In addition, the recognition of the
inheritance pattern of this gene is also problematic and cost
effective. Therefore, in this research, easiest and simple cost-
effective PCR based molecular detection of beta hemoglobin
gene and transmission pattern of sickle cell anemia in
Bangladesh was considered.

MATERIALS AND METHODS

Ethics Statement

The methodology and protocol used for this study were
reviewed and endorsed by the Graduate Research Ethics
Committee (headed by the Dean of the School of Life
Sciences), Shahjalal University of Science and Technology
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(SUST), Sylhet, Bangladesh. The ethical approval number is
IEC-101(1)/003. The procedure followed Helsinki
Declaration of 1975, as revised in 2000. Since the main
participants of this study were pregnant women in the labor
unit of the hospital, they were verbally told about the
research and enrolled after their guardians provided written
consent. A unique identification number was given to each
of the samples collected to reduce the identification bias.

Patient Enrolment and Sample Collection

This study was conducted in the department of Genetic
Engineering and Biotechnology at SUST and samples were
collected from the Department of Gynecology and Obstetrics
at Sylhet MAG Osmani Medical College and Hospital,
Sylhet, Bangladesh. Approximately 2 ml of peripheral blood
was drawn into a Ks-EDTA vial (JMI, Bangladesh) from the
mothers. Cord blood was collected from the fatal end of the
umbilical cord using gravitational fall down technique.
Subject information’s were also collected in a newly
developed questionnaire form.

DNA Extraction

The traditional phenol-chloroform method was used for
the isolation of DNA from the blood samples. Phenol
chloroform extraction is an easy way to remove proteins
from samples. Nucleic acid remains in the aqueous phase.
On the other hand, protein separates in the organic phase or
lies at the interface. A good quality DNA was observed in all
the experimental sample with 0.1% agarose.

PCR Amplification

Wild type and mutant sets of primers were selected for
detection of beta hemoglobin gene and the mode of sickle cell
anemia [8]. The PCR reaction was performed for
differentiating between the healthy individuals and the
patients of sickle cell anaemia. Total 15pl of PCR mixture was
used in each sample to perform the PCR experiment. PCR
reaction started with pre-heating at 95°C for 2 minutes, then
denaturation at 95°C for 30 seconds. Annealing was done at
60°C for 30 seconds and 35 seconds were given for
elongation or extension at 75°C. A final step of 10 minutes at
72°C was added to allow complete extension of the amplified
fragments. A total of 30 cycles were run for the complete
PCR. The PCR products were then electrophoresed and
analyzed on a 1.4% agarose gel.

RESULTS

After checking the DNA quality, samples were analyzed
for detection of beta hemoglobin sickle cell anemia. Two
specific primers were used. One for amplifying 517 bp
fragment of normal beta globin gene. Second pair of primer
for amplifying the 267 bp fragment for mutant DNA for
sickle cell disorder. In the outer lane 1 kb plus ladder range
started from 250 kb length was used for the experiment.

PCR products analyzed by agarose gel
electrophoresis. 13 pairs of the sample were run for gel
electrophoresis. Each pair consist of the mother and the fetal

were
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Figure 1. Representative gel images for the mother and cord
blood samples (1-13)-1

Figure 2. Representative gel images for the mother and cord
blood samples (1-13)-2

Table 1. Correlation between seven pairs of mothers and new-
born heterozygotes

Mother’s Medical History New-
Sample Blood Hb . Disease B.orn y
No Age Anemia . Disease
Group Level Condition -
Condition
1 20 AB+ 5.8 Present HbA/S Hb A/S
3 25 O+ 6.6 Present HbA/S Hb A/S
4 30 B+ 7.0 Present HbA/S Hb A/S
6 35 B+ 6.7 Present HbA/S Hb A/S
7 19 B+ 6.6 Present HbA/S Hb A/S
9 20 B- 6.0 Present HbA/S Hb A/S
12 21 A+ 6.4 Present HbA/S Hb A/S

cord blood. Three modes of inheritance were found from the
PCR product analysis.

One type of inheritance is the carrier of the sickle cell
anemia for both mother and the fetal cord blood. This is the
most commonly found inheritance where the bands were
observed at the length of both 517bp and 217bp. Seven pairs
(Table 1) of sample like sample 1M, 1C, 3M, 3C, 4M, 4C
(Figure 1), 6M, 6C, 7M, 7C (Figure 2), 9M, 9C (Figure 3),
12M, and 12C (Figure 4) showed both bands which means
that the mother and the new born both are the carrier of
sickle cell anemia, where M refers to mother samples, C

www.jceionline.org
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Figure 1. Representative gel images for the mother and cord
blood samples (1-13)-3
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Figure 4. Representative gel images for the mother and cord
blood samples (1-13)-4

Table 2. Correlation between three pairs of normal mothers and
new-born

Mother’s Medical History New-
| Born’
Sample Blood Hb . Disease 'orn y
No Age Anemia L. Disease
Group Level Condition .
Condition
5 22 AB+ 11.3 Absent HbA/A Hb A/A
11 23 AB+ 12.4 Absent HbA/A Hb A/A
13 25 B+ 12.1 Absent HbA/A Hb A/A

refers to cord blood samples, and LD refers to 1 kb plus DNA
ladder.

Second mostly found inheritance is the healthy
individuals. The band was only found at the length of the
517bp. That means the 3 pairs (Table 2) of samples like 5M,
5C (Figure 2), 11M, 11C (Figure 3), 13M, and 13C (Figure
4) are healthy individuals.

Another type of inheritance found in 2 pairs (Table 3) of
samples like 8M, 8C, 10M, 10C (Figure 3) where the mothers
were carrier of sickle cell anemia, but the newborns were
healthy individual because the mother blood samples
showed two bands, but the newborns showed band only at
the length of 517bp.
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Table 3. Correlation between two pairs of heterozygous mothers
and healthy new-born

Table 4. Correlation between one pair of homozygous mother
and new-born

Mother’s Medical History New- Mother’s Medical History New-
Sample Blood Hb . Disease B.orn y Sample Blood Hb . Disease B.orn ¥
No Age Anemia .. Disease No Age Anemia .. Disease
Group Level Condition . Group Level Condition ..
Condition Condition
8 25 A+ 7.2 Present HbA/S Hb A/A 2 19 B+ 6.3 Present HbS/S Hb S/S
10 20 AB+ 7.2 Present HbA/S Hb A/A

Only one pair (Table 4) of samples 2M, 2C showed the
homozygous inheritance which means the band found only
at the length of 217bp (Figure 1) of both mother and fetal
cord blood.

From the PCR product analysis, it has also been observed
that the subject information was totally linked to it. The
subject information expresses that the mothers those are
anemic also showed homozygosity and heterozygosity of
sickle cell anemia.

DISCUSSION

Several experiments were in practice to detect
hemoglobinopathies using venous blood samples [9,10].
Generally, peripheral blood is used for the molecular
diagnosis of sickle cell anemia. In some cases of prenatal
diagnosis amniotic fluid is in practice worldwide [11].
Another common practice is newborn screening for
reducing disease-related mortality due to sickle cell anemia
[12] and it is mainly done using blood from heel prick [13].
In case of developing country like Bangladesh, most of the
people are not concerned about newborn screening after
birth but newborn screening has also been established in
recent years in these developing countries [14]. Though
newborn screening has been practiced now a day, the parents
are unwilling to give blood from heel prick or vein of the
newborn. Considering these circumstances, this study was
done using umbilical cord blood which is considered as
wastage after delivery.

DNA extraction method mostly used now a days are with
DNA extraction kit [15]. But in this experiment, all the
buffers and the solutions were prepared in the lab and DNA
extraction was done manually following the phenol
chloroform method. This method may be time consuming
but more cost effective. And DNA can be extracted more
accurately than extracting the DNA using DNA extraction
kit.

Various methods and new technologies like new
generation sequencing, multiple ligation dependent probe
amplification [16], cation exchange high performance
chromatography, and tandem mass spectrometry [17,18] are
in recent practice for diagnosis of hemoglobinopathy.
However, countries with less advanced techniques,
electrophoresis and PCR studies are still used for the
newborn screening [19]. Therefore, a simple method was

established for this experiment using the PCR technique and
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gel electrophoresis analysis so that newborn screening might
not consider impossible or expensive.

The final target of the study was to detect beta
hemoglobin gene. The screening of the patients of sickle cell
anemia can be done based on this gene detection. For the
identification of beta hemoglobin gene two types of primer
have been used. One is the wild type primer and another one
is the mutant type primer which means they amplity 517 bp
and 267 bp, respectively. Single tube allele specific PCR is
used in alow-cost technique for molecular screening of sickle
cell anemia in Nigeria with similar primers [20].

From the study, most of the individuals are found to be
carrier of sickle cell anemia and some are healthy person.
Only one homozygous mother and newborn were found.
And one mother was found who herself is a carrier of sickle
cell anemia, but the newborn is healthy individual. The
whole study indicates the inheritance patter of the sickle cell
anemia.

The overall result of the study showed that the PCR
analysis of cord blood sample may establish an effective
method to detect the normal condition of the newborn as
well as the diseased condition. Thus, the cord blood can be
utilized. If the mother or both the parents are screened
through the process, then the probability checking of passing
the disease to the child can be done and further treatment
can be done according to that. That is why screening of
parents with the newborn is also an important issue for the
management of sickle cell anemia
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