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ABSTRACT

Background: Severe hemolytic anemialeads to shorterlife span and sickle cell anemia (SCA) may be main cause
of it. Early Diagnosis plays an important role in management of the disease. Objective: To assess the efficacy of
Super Speed Sickle Solubility test in the diagnosis of SCA in population attending this medical institute. Material and Methods: In the
present study, A total of 63 patients were screened. All the positive samples were assayed by solubility test and simultaneously analyzed on
high-performance liquid chromatography (HPLC) 'BIO-RAD' Variant II analyzer for the confirmation along with the distinction of SCA
(heterozygous) and sickle cell disease (homozygous). Results: Out of all 63 patients screened, 29 were found to be positive with HPLC as well
as with solubility test too. A total of 10 samples was diagnosed as SCA (heterozygous), 12 samples were diagnosed as sickle cell homozygous
& 7 cases as Sickle Thal with HPLC & Solubility tests . Conclusion: in case of Sickle cell Homozygous Solubility test was found to be fairly
effective with 75.0 % sensitivity. Specificity calibrated was, on average 80.85 %, with the predictive value of positive test 57.14% and a
predictive value of negative test 90.47 % along with an Accuracy of 79.37 % . It was observed in case of Sickle Cell Trait, the sensitivity was
76.92 %, Specificity 97.5 %,Positive predictive value 57.14, Negative Predictive Value 92.8% with an Accuracy rate of 77.77 %. We found that
Solubility test in Sickle Thal Trait revealed sensitivity of 70.0 %, specificity73.58 %, positive predictive value 33.33 %, negative predictive value
92.85 % along with an Accuracy of 73.0 %. We concluded that solubility test is better for mass screening and does not need any microscope . It

isalso a cost effective test for early detection of disease for timely intervention to minimize morbidity and mortility.

Background

The most common clinical presentation of SCD is the periodic
painful crises, when sickle erythrocytes hinder capillary blood flow
causing intense pain in the chest, abdomen, arms and legs. The
duration, frequency and intensity of pain episodes varies from
patient to patient, in most severe cases prompting patients to seek
emergency treatment for pain. The existing laboratory-based
techniques for objectively confirming suspected SCD in patients
presenting with pain and requesting pain medication may require
days and/or be completely unavailable in resource-limited settings.
The ability to diagnose SCD at the point-of-care within minutes using
alow-cost, portable device will substantially improve patient care by
enabling more accurate differential diagnosis in patients presenting
vague common symptoms (such as abdominal pain) and by allowing
healthcare workers to choose the correct course of treatment for
these patients.'*

The clinical manifestations of SCD include jaundice, elevated
susceptibility to infection, delayed growth and development, acute
chest syndrome, splenic sequestration, stroke, avascular necrosis of
the femoral or humeral head, pulmonary hypertension, chronic
hemolytic anemia and episodic pain in the chest, stomach, arms and
legs.’

Worldwide, SCD affects about 30 million people of African,
Mediterranean, and Middle Eastern descent

INTRODUCTION

Sickle cell disease is a hereditary blood disorders due to defective
haemoglobin structure. There is replacement of valine with glutamic
acid at 6th position of beta chain of haemoglobin. Prevalence of sickle
cell disorder is high among tribal population. A simple rapid and
reliable test is necessary to screen a various number of populations
attending this institute . We found solubility test to be effective and
reliable in diagnosis of sickle cell disorder.”

MATERIALS AND METHODS

The present study was carried out in the Department of Labotatory
Medicine, RIMS, Ranchi. For this, we did a screening of specially
referred patients attending the outpatient department
(OPD),patients admitted in wards in the year 2013. A total blood

sample of 63 patients attending OPD and admitted in wards were
examined. Samples were taken from suspected patients of
Hemoglobinopathies having anaemia, spleenomegaly, joint pains
etc.

SOLUBILITY TEST

(Super Speed Sickle test)

The normal hemoglobin is red and when they release oxygen they
maintain their shape, which is round, but the sickle hemoglobin
sometimes is sickle-shaped when oxygen is released. There are
different kinds of hemoglobin depending on the type of gene
inherited from each parent. The most common gene is Hemoglobin A
often written as HbA. In sickle cell anemia, a point mutation (GAG to
GTG) in the B- chain at codon position 6 results in the encoding of a
valine instead of normal glutamine. The resulting abnormal B- chains
combine with normal B-chains to form an abnormal hemoglobin S
(HbS). HbS is poorly soluble in low oxygen tension situations forming
a gel and polymerizing into fibrilary structures .This distorts the red
blood structure causing them to become becomerigid and sickled.

RBCs are exposed to a hemolytic agent (e.g. saponin) to release Hb
into the phosphate buffer solution containing a strong reducing
agent (e.g. sodium hydrosulfite). Under these conditions, HbS
precipitates (unlike HbA which remains dissolved in solution) - the
resulting turbidity of the solution is easily detected through simple
visual observation’.

The HbS solubility assay is relatively fast (5-15 minutes), requires
minimal reagents and can be easily performed at the point of care.
This test has very limited use for definitive diagnosis of SCD, however,
because it can only detect the presence of HbS, but can't differentiate
between the sickle cell trait (HbA / HbS) and sickle cell disease
(homozygous HbS / HbS) 7 & 8 without the help of HPLC.

Finally, SCD can be diagnosed through direct microscopic
observation of the morphology of the patient's RBCs in a peripheral
blood smear preparation *'as a cross examination.

Individuals with sickle cell anemia (Homozygous S/S) may have early
mortality with vascular occlusions of multiple organ system, severe
hemolytic anemia and hypoxia'. Individuals with sickle cell trait
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(Heterozygous A/S) are usually asymptomatic. However, under
certain conditions of reduced oxygen tension such as hypoxia during
anesthesia, flight in poorly pressurized airplanes, severe pneumonia,
these individuals can experience a sickle cell crisis .

Hi-Super Speed Sickle Test is based on the solubility difference
between HbS and HbA in Solubility Test Reagent. When red cells are
introduced into such a solution, they lyse immediately " . The
hemoglobin released from the lysed red cells, is reduced by reagent
mixture . This reaction causes precipitation of HbS leading to the
turbidity of the reaction mixture. However, HbA, as well as other
hemoglobins are soluble, leading to clarity in the reaction mixture.
This test is a simple and stable screening test and so the samples
tested positive should be confirmed by HPLC so as to reduce the

chances of False Positives "

Reagent
Phosphate buffer (pH 7.1) was the reagent used.

Stock solution using 270.24 g of potassium dihydrogen phosphate,
474.64 g of dipotassium hydrogen phosphate, 20 g saponin and 2 litres
distilled water. The ingredients are mixed properly and the resultant
solution was filtered. From this stock solution working solution is
prepared.

Workingsolution
A measure of 100 mg of sodium dithionite is added to 10.0 ml of
phosphate buffer stock solution to prepare the working solution.

Procedure

A volume of 2 ml of the working phosphate buffer is taken in a test
tube and 20 ul of blood sample is added toit. The test tubeis kept for5
min before reading the test. A piece of white paper was taken and
dark bold black lines are drawn on it for interpretation of the test as
explained below.

The testis read as positive, if turbidity is present. To confirm turbidity
the paper with bold black line is kept at a distance of 1 inch from the
test tube against a bright light. If turbidity is present it impairs the
visibility of dark bold lines. A negative test is indicated by a clear
pinkish-violet solution. When dark lines are partially visible, it is
marked as a doubtful result. All are also subjected to high-
performance liquid chromatography (HPLC) simultaneously to
differentiate sickle cellhomozugous and hetrozygus.

Photographs:

Department of Laboratory Medicine RIMS, Ranchi.

If the line is not
visible then the
testis
considered =
Positive.

Department of Laboratory Medicine RIMS, Ranchi.

Shake well the
tubes (and wait
for 10 minut

and held against
the white paper
on which a thin
black lineis
drawn already

Department of Laboratory Medicine RIMS, Ranchi.

Ifthe line is

Interpretation of Solubility test: The test tube on left is read as
positive, as the bold dark lines of reader scale are not visible due to
turbidity; the test tube on right is read as negative, as the bold lines of
reader scale are clearly visible. were also subjected to HPLC. We also
carried out sickling test on all samples having adequate quantity.

RESULTS
OBSERVATIONS

HPLC & Super Speed Sickle test in cases of different types
Hemoglobinopathies

1 2 3 4 5 6 7 |Total
Findings|Sickle|Sickle |Sickle| Beta | Delta | Thal | HPFH
of cases [Homo| cell | Thal | Thal | Beta |Major
Trait | Trait | Trait| Thal
Trait
by using| 12 10 7 13 9 5 7 63
HPLC
byusing| 8 7 4 1 0 1 0 21
Super
Sickle
Test
Super Speed Sickle test resultin the following diseases
Disease Positive| Doubtful True Negative Total

Sickle Homo 8 1 3 12
Sickle cell Trait 0 3 10
Sickle Thal Trait 4 1 2 7

Beta Thal Trait 1 7 5 13
Delta Beta Thal Trait 0 4 5 9
Thal Major 1 1 3 5
HPFH 0 4 3 7

Total 21 18 24 63

Note: Doubtful results were assumed as negative
Disease Positiv Negative Total
e |(doubtful+ true negative )

Sickle Homo 8 4 12
Sickle cell Trait 7 3 10
Sickle Thal Trait 4 3 7
Beta Thal Trait 1 12 13

Delta Beta Thal Trait| 0 9 9
Thal Major 1 5
HPFH 0 7 7

Total 21 42 63

Histogram showing prevelance of Sickle cellanemia & others

.0

Total, 21

Y sickleThalTrait

HPFH (rJJ Dél Beta Thal
o Thal Major, 1. Thal Trait, 0 Trait, 1
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Among the 63 patients with different types of Hemoglobinopathies
on HPLC of which Super speed Sickle Test was positive for 21,
doubtful'for 18, 'true negative' for 24 & negative for 42 cases .

Comparison between HPLC & Super Speed Sickle test in case of
Sickle Homozygous

Super HPLC
Speed
sickle Positive Negative Total
Test | Positive 12 9 21
Negative 4 38 42
Total 16 47 63

The number of True Positive (TP), True Negative (TN), False Positive
(FP) and False Negative (FN) were determined.

Sensitivity, specificity and predictive values were calculated as
follows:

1) Sensitivity = TP x 100/TP+FN = 75.00% %

2) Specificity=TNx 100/TN+FP = 80.85 %

3) Predictive value of a positive test TP x 100/ TP+FP 4) =57.14 %

4) Predictive value of a Negative test = TP x 100/ TN+FN=90.47 %
5)Accuracy =79.37 %

- = =

Positive Super Sickle blood samples are subsequently confirmed for
Sickle Homozygous by HPLC = 16

Table-1: Results of Super Siclkle specially in Sickle Homozy-
gous
SUPER SICKLE [Total Subject n= 63 [B-Thalassemia trait n = 16
Positive 21 12
Negative 42 14

Department of Laboratory Medicine RIMS, Ranchi.

= HPLC

=

= Sickle
Homozygous

Comparison between HPLC & Super Speed Sickle test in case of
Sickle Cell Trait

Super HPLC
Speed Positive Negative Total
Sickle ["pgitive 10 11 21
Test I "Negative 3 39 42
Total 13 40 63

The number of True Positive (TP), True Negative (TN), False Positive
(FP) and False Negative (FN) were determined.

Sensitivity, specificity and predictive values were calculated as
follows:

1) Sensitivity=TPx 100/TP+FN = 76.92 %

2) Specificity=TNx 100/TN+FP=97.5 %

3) Predictive value of a positive test TP x 100/ TP+FP 4) =57.14 %
4)Predictive value of a Negative test = TP x 100/ TN+FN=92.8 %
5)Accuracy=77.77%

Positive Super Sickle blood samples are subsequently confirmed for
Sickle Cell Traitby HPLC =13
Table-1: Results of Super Siclkle specially inSickle Cell Trait

SUPER SICKLE [Total Subject n=63 (Sickle Cell traitn=13
Positive 21 10

Negative | 42 | 3

Comparison between HPLC & Super Speed Sickle test in case of
Sickle Thal Trait

Department of Laboratory Medicine RIMS, Ranchi.

* HPLC

* Sickle Cell

Trait

Super HPLC
Speed Positive Negative Total
Sickle[™pysitive 7 14 21
Test ™ Negative 3 39 42
Total 10 53 63

The number of True Positive (TP), True Negative (TN), False Positive
(FP) and False Negative (FN) were determined.

Sensitivity, specificity and predictive values were calculated as
follows:

1) Sensitivity=TPx 100/TP+FN = 70.0 %

2) Specificity=TNx 100/TN+FP =73.58 %

3) Predictive value of a positive test TP x 100/ TP+FP 4) = 33.33 %
4)Predictive value of a Negative test=TPx 100/ TN+FN=92.85 %
5)Accuracy=73.0%

Positive Super Sickle blood samples are subsequently confirmed for
Sickle Thal Trait by HPLC =10

Table-1: Results of Super Siclkle specially in Sickle Thal Trait
SUPER SICKLE [Total Subject n= 63 [Sickle Thal trait n=10

Positive 21 7
Negative 42 3

Department of Laboratory Medicine RIMS, Ranchi.

= SickleThal

DISCUSSION
More than 50% of the total global sickle cell anaemia (SCA) cases are
found inIndia.”

SICKLE CELL GENE IN TRIBAL AREA OF RAJNANDGAON
DISTRICT OF CHHATTISGARH revealed that9.75% of population
is carrying sickle cell gene”.

In our observations prevalence sickle cell gene is widely spread in
district of Ranchi & in surroundings zone was 30.0 % . The predictive
value of positive and negative solubility test in case of Sickle Cell
Homozygous was 57.14 % and 80.85 % respectively. The sensitivity
of the solubility test was 75.0 %, whereas the specificity was 80.85 %.
Some of the solubility tests that were doubtful were labelled as
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negative. On HPLC all of these turned to be negative, which was
responsible for decreasing the specificity percentage in our study.

Much later, Neel “ and Beet " clarified the genetic basis of Sickle cell
anemia by demonstrating that hetrozygosity for the sickle cell trait
without significant clinical symptoms, while homozygosity resulted
in sickle disease.The high prevalence of the gene for sickle cell
haemoglobin in the areas of the world where malaria has been
common suggests that persons with sickle cell trait have a selective
advantage over normal individuals when they contract this disease ™

It is reported that the steady —state haemoglobin level of patients
with sickle cell disease is usually between 5 and 11 gm/dl . The range
ofred cell densities is increased in sickle cell anemia , but the average
cellular MCHC is normal ***.

Correct diagnosis depends upon documentation of the presence of
sickle haemoglobin, preferably by HPLC . There are rapid methods
that are less reliable for the detection of sickle hemoglobin, including
the observation of sickling of red cells containing sickle haemoglobin
microscopically under a cover slip by suspending the cells in a
droplet of 2% solution of sodium metabisulfite22 and sickle Hb by
solubility tests. The solubility test depends on the low solubility of
reduced sickle haemoglobin, which results in the development of
turbidityunder appropriate conditions *"***,

However, such tests do not detect haemoglobin C or Beta-
Thalassemia and do not reliably distinguish between sickle cell trait
and sickle cellhomozygous and therefore of limited value.

Misunderstanding concerning the significance carrier states as led
to unwarranted harm to individuals who are detected as carriers in
the screening programmes™.

Sickle cell gene is widely recognized specially in the central parts of
India". The highest frequency of sickle cell gene in India is reported
in Orissa followed by Assam, M.P,, U.P, Tamilnadu and Gujarat .

Numbers of screening programmes have been carried out in these
areas, but very few screening programmes have been carried out in
Chhattisgarh.”

So this screening programme was carried out for detection of the
prevalencerate of sickle cell genein Rachi District ofJharkhand and
also to distinguish between Homozygous & Heterozygous so as to
prevent unwarranted harms to the individuals who are detected as
Heterozygous sothat advised may be given to prevent the birth of
homozygous by genetic counseling .

After taking history these subjects were screened by the method of
Nalbundian * rapid solubility test for detection of HbS. Blood sample
of subjects of positive solubility test were subjected to HPLC™,

Rajnadgaon District is bordered by Vidarbha (Nagpur) Region of
Maharashtra state, where high prevalence of sickle cell gene has
been found. R.S. Balgir et al.” reported a frequency of 20% of sickle
cell genein old Madhya Pradesh thatimparts the threatening about
this disease in this area. In Rajnadgaon District of Chhattisgarh state
“ prevalence of sickle cell gene was found to be 9.75. %. 27 The sickle
cell gene in this area is not only prevalent in the tribal or schedule
castebutithas also penetrated in to the general caste.

The present study is a pilot study on this very genuine health
problem; therefore there is an urgent need to do the well-designed
and large-scale study involving the most area of Chhattisgarh state.
The present study is a pilot study on this very genuine health
problem; therefore there is an urgent need to do the well-designed
and large-scale studyinvolving the most area of Jharkhand state.

We also refer to the paper by Okwi et al.” Cost benefit analysis of
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screening for sickle cell disease (SCD) using different methods
cannotbe doneinisolation.

CONCLUSION

Sickling test ( metabisulfide) is cumbersome and time consuming
and, thus, it is inconvenient for large sample screening. Also
improper sealing by coverslip maylead to drying of sample especially
in hot season. Solubility test is better for mass screening, because
it is rapid (takes just about 5 min), reliable with minimal observer
variation, does not need any microscope and requires a very small
blood sample. Itis also a cost-effective test.

A faster diagnostic tool for SCD is also needed in developed countries
where financial constraints may pose less of a barrier for the
conventional diagnostic methodologies to ensure that a patient
presenting with symptoms of SCD actually has SCD before beginning
treatment.

Reasons for screening: (i) early detection of the disease for timely
intervention to minimise morbidity and mortality; (i) patient and
family education on SCD; (iii) genetic counselling as part of a long-
term strategy to prevent live homozygous SCD (SS) births; and (i)
short-and long-term cost saving by means of (i), (if) and (iii) above.

LIMITATIONS
This test cannot differentiate between SCA and Sickle cell disease”;
hence, confirmationis needed by HPLC.
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