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ABSTRACT

Background: Beta thalassaemia, an inherited disease that is a cause of continuous burden on the affected
families and the society. The objective of the study was to evaluate the efficacy of Naked Eye Single Tube
Red Cell Osmotic Fragility Test (NESTROFT) for the detection of beta thalassaemia trait when used for the
screening in Pakistani population.

Methods: All participants requesting a complete blood count were included in the study. Informed consent
was obtained. Naked Eye Single Tube Red Cell Osmotic Fragility Test was performed with freshly prepared
0.36% buffered saline. Turbidity in the tubes was an indication for individuals to be positive for beta
thalassaemia trait. Hemoglobin electrophoresis was performed on all positive cases fo confirm the sensitivity
and the reliability of the screening test. Chi-Square test was used to test for any significant correlation
between the different hematological parameters and other variables.

Results: A total of 812 patients were included in the study from January 2017 to June 2017. The mean age of
participants was 35.5 + 13.6 years. There were 351 (43.2%) male and 461 (56.7%) female participants. A 100%
Naked Eye Single Tube Red Cell Osmotic Fragility Test sensitivity was obtained with 65 (8%) positive cases
having HbA2 levels of more than 3.2% indicating their frue positivity whereas, all 747 (92%) negative cases
having HbA2 levels of less than 3.2% indicating their frue negativity.

Conclusion: NESTROFT was found a highly sensitive, cost-effective, and a rapid screening test for the
identification of carriers of beta thalassaemia frait in our population.
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INTRODUCTION

Beta Thalassaemia is a group of inherited blood
disorders in which the body's ability to produce
normal hemoglobin is impaired with reduction in
capacity of red blood cells to carry oxygen'. Beta
thalassaemia is more prevalent in Mediterranean
regions, Indian subcontinent, the Middle East, and
Southeast Asia?.

It has been estimated that about 5 to 9 thousand

infants are born with beta thalassaemia every year,
in Pakistan. However, no central registry is available
in Pakistan to ascertain the actual number of cases
of the disease per year®. Nevertheless, the carrier
rate in Pakistan ranges between 5-8%, meaning
about 9.8 million people are carriers of beta thalas-
saemia frait in our population#. Following Sickle cell
anemia, Beta thalassaemia is considered the
second most common haemoglobinopathy, world-
wide’. Beta thalassaemia major is a severe disease
and places a huge economic burden on the health
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care setup especially in developing countries like
Pakistan and India®.

The early detection of asymptomatic carriers of
thalassaemia (heterozygotes) makes it possible to
provide genetic counseling, which may prevent a
more severe homozygous condition in the offspring
and its fatal outcome. In 2006, Saudi Arabia Health
Ministry implemented a mandatory premarital
screening of Thalassaemia trait in couples. Ahmad
Al Suliman reported the beta thalassaemia trait
incidence rate of 3.4% in his population. Parts of the
world where blood disorders are highly prevalent,
high-risk marriages should be prevented by implying
premarital screening’.

Naked Eye Single Tube Red Cell Osmotic Fragility
Test (NESTROFT) is a single tube qualitative osmotic
fragility test based on the limit of hypo tonicity,
which the red blood cells can withstand. In 2012,
Chakrabarti et al. tested the validity of NESTROFT as
a screening fool for beta thalassaemia trait. He
reported NESTROFT to be 95% sensitive in subjects
with at least one family member suffering from beta
thalassaemia major while 85.71% sensitive in normall
population®.

In 2007, Mamtani et al. reported her findings that
supported the practice of NESTROFT use as a
screening tool for beta thalassaemia trait in coun-
fries where there is a high prevalence of thalassae-
mia against minimal resources?. Another study from
North India in 2013, reported a NESTROFT sensitivity
of 100% and a specificity of 85.47% among 150
patients, indicating that NESTROFT is a useful screen-
ing tool that is both effective and affordable’. The
objective of this study was to evaluate the efficien-
cy of Naked Eye Single Tube Red Cell Osmotic
Fragility Test (NESTROFT) in determining beta thalas-
saemia frait in Pakistan population.

METHODS

A prospective, cross-sectional study was carried out
at the Pathological and Molecular laboratories,
Karachi, Pakistan from 1st January, 2017 to 30th
June, 2017. All the patients (812) presenting to the
laboratory and requesting a complete blood count
(CBC) were enrolled in the study. The study partici-
pants belonged to different age groups and had a
variable demographic profile. The ethical approval
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was obtained from the Institutional Review Board of
the Molecular and Pathological Laboratories, Kara-
chi, with IRB reference number of MSCC/ER-
B/2016/07. Informed consent was taken from all
patients prior to sample collection. Both genders
that consented were included in the study.

The venous blood of 2.5 ml was collected into a
vacuum enabled tube containing Ethylenedi-
aminetetraacetic acid (EDTA) anficoagulant (1.5 +
0.25 mg/mil). Within two hours of sample collection,
NESTROFT and Complete blood counts (CBC) were
performed. CBC was done on Automated Hema-
fology Analyzer (BC-3000 Plus-Mindray). NESTROFT
was performed using freshly prepared 0.36%
buffered saline. In addition, 5 ml sterile test tubes
were used each containing 4ml of 0.36% buffered
saline. 50ul sample blood was added in each tube.
The tubes were left undisturbed at room tempero-
ture for atf least 30 minutes. The turbidity in the tubes
was observed in the presence of a tube light
placed behind them. Turbidity in the tubes indicat-
ed that the individual was positive for beta thalas-
saemia frait.

Hemoglobin electrophoresis was performed on all
NESTROFT positive cases to confirm the sensitivity and
the reliability of the screening test NESTROFT. The
formulae used to calculate sensitivity for the NESTROFT
is shown below. Sensitivity = True Positive / True Positive
+ False Negative x 100. Statistical Package for Social
Sciences (SPSS v. 25) was used to perform data analy-
sis. Measures of central tendency (mean and
median) as well as standard deviation, SD; range:
minimum — maximum was calculated.

RESULTS

A total of 812 patients were enrolled in the study
between January 1, 2017 and June 30, 2017. The
mean age * SD of participants were 35.5 + 13.6
years. There were 351 (43.2%) male and 461 (56.7%)
female participants. High grade fever and symp-
foms of anemia were presenting complaints in
majority of the patients. The demographic data
and presenting complaints of patients are depicted
in Table 1. The mean value for red blood indices,
white blood cell, and platelet count was observed
(Table 1). NESTROFT done in test tubes showed
Positive and negative results (Figure 1).
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Table 1: Laboratory diagnosis of red blood cell indices, demographic and clinical profile of participants

of the study.

Complete Blood Count

(Mean +SD)

Demographics

Mean + SD

Hemoglobin (Hb) 12.57 + 2.10 mg/dl Age 35.5 + 13.6 years
12
486 + 0.78X10
Red Blood Cell (RBC) = Gender n (%)
cells per liter
Hematocrit (Hct) 42.60 + 659 % Male 351 (43.2)
Mean Corpuscular Volume (MCV) 88.42 + 11.76 FL Female 461 (56.7)

Mean cell hemoglobin (MCH)

26.06 + 3.74 pg.

Signs and Symptoms n (%)

Mean cell hemoglobin

29.44 + 1.98% Fever 617 (75.9)
concentration (MCHC)
White Blood Cell (WBC) 19470 £ 621674 | | ethargy 523 (64.4)

cells/mm
271,461.82 +
Platelet count - Shortness of breath 400 (49.2)
104194.02 cells/mm

Positive cases of anemia n (%) 293 (36.1%) Pale skin 253 (31.2)

Figure 1: Demonstration of Naked Eye Single-Tube Red Cell Osmotic Fragility Test (NESTROFT) performed

during the study.
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In the present study, 293 (36.1%) participants were
anemic, out of these 205 (69.9%) were female and
only 88 (29.1%) were male participants (p=0.000).
The mean + SD hemoglobin level in anemic patients
was 10.89+1.92 mg/dl with a range of 4.90 to 13.40
mg/dl. We reported that 65 (8%) participants in our

stfudy screened positive with NESTROFT for beta
thalassaemia trait.

In our study, Hb electrophoresis for HoA2 levels was
measured for all participants to detect the true
positive and frue negative cases. A 100% NESTROFT
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sensitivity was obtained with all 65 (8%) positive negative cases having HbA2 levels of less than 3.2%
cases having HbA2 levels of more than 3.2% indicating their tfrue negativity (Figure 2).
indicating their true positivity whereas, all 747 (92%)

Naked-Eye Single Tube Red Cell Osmotic Fragility Test (NESTROFT)
sensitivity among study participants

B HbAZ>3.2%

B HbA2<3.2%

Count

N L1

True Positive True Negative NESTROFT Positive

HbA2 Levels

Figure 2: Results of HbA2 levels, indicating the frue positive and negative cases.

In the present study, the patients who were corpuscular  volume (MCV) and mean cell
screened positive for the beta thalassaemia frait hemoglobin (MCH) as compared with the subjects
with NESTROFT had reportedly a higher value of red who were negative for the trait (Figure 3).

blood cell count (RBC) and lower value of mean

Red blood cell (RBC) indices of study participants (n=812)

90 I Normal Subjects
80 B Male Carriers
2 Female Carriers
60
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3| so
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(RBC) Corpuscular Hemoglobin
Volume (MCV) (MCH)

Red Blood Cell Indices

Figure 3: Red Blood Cell Indices (Hb, RBC, MCV, MCH) of carrier subjects as compared to non-carrier
subjects in our study population.
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DISCUSSION

In the current study, we reported 8% positivity of
beta thalassaemia trait in  participants  using
NESTROFT. Furthermore, Hemoglobin electrophore-
sis confirmed 100% sensitivity of this test observed in
all 8% of the samples. Thalassaemia is a hereditary
blood disorder that is common in the Mediterra-
nean and South Asian countries including Pakistan.
The estimated carrier rate in Pakistan is between
5-7% with over 5,000 new patients being diagnosed
with this disease each year'® . Thalassaemia is not
only responsible for huge mortality and morbidity
but also causes considerable socioeconomic
burden on the affected families and the govern-
ment.

Many different screening techniques are available
for the detection and confirmation of Thalassaemia
but most of these tests are expensive hence, not all
patients are able to afford them. Besides, Pakistan is
a resource-poor region and not every diagnostic
laboratory has the advanced equipment to screen
and detect even the most prevalent of diseases'2.

Therefore, it is crucial to evaluate the efficacy of
various screening methods, which are both accessi-
ble and inexpensive. Patients with deranged red
blood indices concomitant with symptoms of
anemia must be screened thoroughly for beta
thalassaemia trait. Presence and relative amounts
of abnormal forms of hemoglobin is a preliminary
diagnosis of a hemoglobin disorder. Elevated
hemoglobin A2 (HbA2) of more than 3.5% as
detected on High Performance Liquid Chromatog-
raphy (HPLC) or cellulose acetate electrophoresis
(CAE) is the definitive diagnosis for beta thalassae-
mia trait'? 13, These fests are accurate but costly and
labor intensive. Keeping these problems in mind, we
sought to evaluate the efficacy of NESTROFT, an
inexpensive and a simple technique to screen the
carriers of Beta Thalassaemia trait in our popula-
fion™,

NESTROFT was intfroduced in the 1990's and since
then many studies have tried to evaluate its effica-
cy in diagnosing beta thalassaemia trait for screen-
ing purpose. NESTROFT is considered to be a very
simple and cheap tool to detect carrier state in
normal population. However, this test is dependent
upon visual interpretation. Gorakshaker et al. deter-
mined the infer-observer variability while recording
of NESTROFT results by three individuals on blood
samples of 380 participants'®. They observed that
there was little variation in recording the negative
results while greater variation in positive or doubftful
cases. They concluded that NESTROFT should be
considered as the investigation of choice for initial
screening of Beta thalassaemia trait in Indian popu-
lation.

In the present study, NESTROFT was reported to be
100% sensitive as confirmed with HbA2 value of
more than 3.2 indicating the tfrue positivity of beta
thalassaemia trait carriers. Since 1991, many studies
were conducted to determine the efficacy of
NESTROFT as a screening tool for beta thalassaemia
frait among normal population'®?, These studies
reported that 96-100% of heterozygotes with beta
thalassaemia tfrait could be detected with NESTRO-
FT. Their findings were in accordance with this study.
Our study also, supported the claim that NESTROFT is
an effortless, economical, and easy to perform
technique that could be utilized for screening at a
large scale.

A similar study carried out in by Sumera et al.
reported NESTROFT to be 93% sensitive and 88%
specific. An Indian study showed 100% and 92.9%
sensitivity and specificity respectively, claiming that
NESTROFT was the most effective, inexpensive, and
accurate test for screening for beta thalassaemia
trait!e17,

A study conducted at Jinnah University for women,
Karachi evaluated the diagnostic significance of
NESTROFT and red blood indices in screening beta
thalassaemia minor in subjects. According to the
study, compared with the control group, all 100
participants in the carrier group showed a positive
NESTROFT test with concomitant low values of MCH
and MCV making NESTROFT fo be a rapid and a
reliable method for the detfection of thalassaemia
frait among our population'®. Pakistan is one of the
highly prevalent countries suffering from inherited
haemoglobinopathies, which poses a huge
economic burden on the country?'?.

A recent study reported that the consanguineous
population was significantly associated with an
increased prevalence of diseases such as diabetes
mellitus, haemoglobinopathy, and mental illness-
es?22_ |t is essential to screen for beta thalassaemia
frait carriers among Pakistani population because
consanguineous marriages are practiced at an
alarmingly high rate of 81% 2%. Therefore, it is import-
ant to educate the public about the possible
devastating outcomes of a consanguineous
marriage and to prevent beta thalassaemia major
by genetic counseling and mass screening for beta
thalassaemia trait. It was found that with the help of
genetfic counseling, beta thalassaemia major in
infants could be reduced by as much as 20% 2. In
contrast to mass screening by NESTROFT, Baig et al
claimed that it is better fo do cascade testing of
large families with consanguinity practices instead
of mass screening in Pakistan, which has limited
health resources?®.

A cross sectional study conducted in 2015 in Lahore
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where 25 families were screened for beta thalas-
saemia trait negated our findings. NESTROFT was
only 55% sensitive and 6é4% specific whereas, the
Positive Predictive Value was 46% and Negative
Predictive Value was 64%. Similarly, about 66.7%
detection of beta thalassaemia trait was reported
in a study from Myanmar. However, both these
studies are insufficient to disregard a seemingly
good screening tool, as NESTROFT is highly depen-
dent on the visual interpretation and the concen-
fration of buffered saline? 2. We believe that to
consider NESTROFT as a reliable screening tool,
studies with larger sample size would be required in
future valuable screening tool for identification of
carriers of beta thalassemia traif. All NESTROFT
positive cases should be advised further workup to
confirm their diagnosis. Genetic counseling should
be offered to all carriers of beta thalassaemia trait
in order to reduce the incidence of beta thalas-
semia major in Pakistan. We recommend that all
families where consanguineous marriages are prac-
ficed NESTROFT should be advised to screen for
haemoglobinopathy. We recommend studies on
larger scale utilizihg NESTROFT to establish its
reliability as a screening method.

CONCLUSION

NESTROFT is a highly sensitive, cost-effective, and a
rapid screening test for the identification of carriers
of beta thalassaemia trait in our population. Such
selective but extensive screening practice would
eventually reduce the burden of thalassaemia
major in Pakistan.
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