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Abstract

Objective: To evaluate efficiency of Naked Eye Single Tube Red cell Osmotic Fragility Test
(NESTROFT) as a marker of clinical differentiation between PB-thalassemia trait (BTT) &
Iron deficiency anemia; to rule out potential bias of NESTROFT with regards to its
sensitivity and specificity in cases with coincident iron deficiency anemia.

Materials & Methods: This was a case control study on 503 subjects, carried out at Dow
Diagnostics Research & Reference Lab (DDRRL) during the period from December 2009 to
August 2010. Subjects were categorized into three groups based on red cell indices,
preformed on automated hematology analyser (cell tac alpha, Nihon Kohden, Japan). Group
I, comprised of control subjects with normal red cell indices, Group II comprised of case
subjects with microcytosis MCV < 80 fL, normal ferritin levels and HbA, > 3.5% on Hb
Electrophoresis and Group III included subjects with proven Iron Deficiency Anemia (IDA)
i.e., low serum ferritin levels; hemogram & peripheral smears suggestive of iron deficiency
anemia. NESTROFT was performed on all cases. Sensitivity, Specificity, Positive Predictive
Value and Negative Predictive Value were calculated. Differential Diagnosis of IDA & BTT
was justified by testing serum Ferritin and Hemoglobin Electrophoresis (showing increased
HbA, (>3.5%) on cellulose acetate at an alkaline pH in cases with BTT). Data analysis was
done on SPSS version 16.0.

Results: Out of total 503 study subjects, microcytosis was found in 253 subjects. Majority of
our microcytosis cases were with IDA n=174/253 (69%), while BTT cases were n=73/253
(29%). Sensitivity of NESTROFT was observed 93%, Specificity was 88% with Positive
Predictive Value of 74% & Negative Predictive Value of 97%. NESTRODT was
concomitantly positive in 13% IDA cases while it remained negative in 88% of subjects with
IDA. For differentiation between IDA and BTT, red cell indices (MCV, MCH & MCHC),
RBC count, & RDW% demonstrated statistically significant differences (P < 0.05).

Conclusion: We conclude that NESTROFT is sensitive and specific marker in differentiating
beta-thalassemia trait from iron deficiency anemia.
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Introduction

B-Thalassemia is a progressive public health problem worldwide. In next 20 years, estimated
900,000 births with thalassemia disorders are expected.'

B-Thalassemia and Iron deficiency anemia are among the common causes of microcytic
anemia. Rarely anemia of chronic disease also presents with microcytosis.” Differing
management guidelines (e.g. iron supplementation) warrant correct differentiation between
IDA and BTT.’

Several mathematical formulae have been used for identification of BTT, based on red blood
cell indices.? The first step at discrimination between IDA and BTT relies upon identification
of microcytosis and the whole blood red cell count. With the availability of electronic particle
counters, red cell indices have become more clinically significant and are combined or used
singly to identify possible heterozygotes. But due to technical requirements of method, red
cell indices, done on automated analysers, cannot be used for mass screening, or field
surveys.

Recently published data concludes that NESTROFT can be effectively used as screening
marker for detection of B-Thalassemia trait."” * > 7 Different studies show that NESTROFT
with 0.36% saline could detect 96-100% of heterozygotes with B-Thalassemia. A study
published in Indian J Pathol Microbiol, 2002 concludes NESTROFT to be 92.5% sensitive
and 95.2% specific for screening of red cell microcytosis.® The test proves to be simple,
cheap, easy to perform and adaptable for mass screening, coming close to an ideal screening
test. According to a recent study conducted at PNS Shifa Hospital, Karachi, Pakistan,
NESTROFT has a Positive Predictive Value of 85.38% and Negative Predictive Value of
97.66%, correlating to internationally published data.® The diagnostic accuracy of
NESTROFT was 94.6 %." NESTROFT with 0.36 % saline is a sensitive solution and
provides accurate results compared to other concentrations of saline.* Routine use of
hematological data from automated cell counters may complement the results of the
NESTROFT.

The objectives of this study were to evaluate efficiency of Naked Eye Single Tube Red cell
Osmotic Fragility Test (NESTROFT) as a marker of clinical differentiation between [3-
thalassemia trait (BTT) & Iron deficiency anemia; to rule out potential bias of NESTROFT
with regards to its sensitivity and specificity in cases with coincident iron deficiency anemia.

Materials & Methods

A case control study was conducted on total 503 subjects at Dow Diagnostics Research &
Reference Lab (DDRRL), Karachi, Pakistan from December 2009 to August 2010. After
informed consent, a questionnaire was filled by subjects. Participating subjects with MCV
>80 and with Hb and ESR within normal ranges were taken for control subjects in our study.
Subjects with gestation, having history of chronic inflammatory disorders or of blood
transfusion within three months were excluded from study. Observing standard procedure,
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venous blood (2.5 ml) was collected into a vacuum enabled tube containing K, EDTA
anticoagulant (1.5 = 0.25 mg/ml). Within two hours of sample collection, NESTROFT and
Complete blood counts (CBC) were performed on all samples. CBC was done on Automated
Hematology Analyser (Cell tac-a). NESTROFT was performed on all cases with fresh
prepared 0.36% saline and reading was taken on specially designed SOFT test device
(specially prepared for NESTROFT by Dr Moinuddin; Figure I). Whole blood (20 pl) of was
pipetted out in a glass tube (12x75mm) and mixed by shaking with 4.0 ml of fresh prepared
0.36% buffered saline solution. The tube was left undisturbed at room temperature for about
20 minutes. After shaking again, result was read by viewing three sharp black lines visible
(behind the tube) from a standardized distance. The results were recorded as ‘NEGATIVE
FOR BTT’ if lines were clearly visible, ‘POSITIVE FOR BTT’ if lines were not visible and
‘DOUBTFUL FOR BTT’ when lines were partially visible.

There were 253 cases with microcytosis (MCV < 80 fL.) and 250 controls with normal red
cell indices. All subjects were further categorised into three groups. Group I comprised of
normal control subjects with normal Hemogram values. Group II comprised of subjects with
MCV < 80 fl, normal ferritin levels and HbA, > 3.5% on Hb Electrophoresis and Group 111
comprised of subjects with IDA proven by low serum ferritin levels while Hemogram &
peripheral smears were also consistent with iron deficiency anemia. Data analysis was done
on SPSS version 16.0; P value was taken statistically significant at < 0.05.

Results

Out of 253 subjects with microcytosis, IDA cases were n=174/253 (69%), subjects with BTT
were n=73/253 (29%) & n=6/253 cases (2%) had normal serum ferritin & HbA, levels.
NESTROFT was 93% sensitive, 88% specific with Positive Predictive Value of 74% &
Negative predictive value of 97%. The NESTROFT positivity in IDA & BTT cases is shown
in Figure II. In controls NESTROFT was reported negative for all subjects. The red cell
indices, RBC count, MCV, MCH, MCHC & RDW% had statistically significant differences
(P <0.05) between IDA & BTT cases Table L.

Figure I: Single tube
osmotic fragility test
(SOFT) Device showing
positive and negative
samples in different tubes
Tubes from L to R:
NC=Negative control,
PC=Positive control, Pos =
Positive samples where
black line is not visible
through the solution, Neg =
Negative samples where
black line is clearly visible
through the solution, DF =
Doubtful sample where
black line is partially
visible.
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Figure II: Sensitivity of NESTROFT in Subjects with Microcytosis.

Table I: Hemogram Values in Iron deficiency anemia & B- thalassemia Trait.

Lab Parameters IDA BTT P value
Hb, g/dl (=SD) 10.8 (£2.57) 10.9 (£2.31) 0.97
RBC, x10'*/L (+SD) 4.6 (+0.88) 5.3 (£1.26) 0.02
HCT, % (+SD) 33.3 (£8.29) 33.1 (£6.88) 0.99
MCV, fL (+SD) 67.8 (£8.89) 62.1 (£6.38) 0.00
MCH, pg (+SD) 22.1 (£3.80) 20.2 (£2.79) 0.00
MCHC, g/L (£SD) 30.9 (£0.23) 32.0 (£0.26) 0.00
RDW, % (£SD) 15.6 (£2.52) 14.2 (+1.32) 0.00
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Discussion

B- Thalassemia is among the commonest inherited hemoglobinopathy worldwide with about
1.7% of world population carrying the mutated gene.9 Pakistan is resource limited country
having prevalence of p- Thalassemia trait varying from 5-6% in various regions."

The clinical presentation of IDA & BTT is usually same; to differentiate IDA from BTT is
very important. Thalassemia trait detection should also be suspected in subjects who are
resistant to iron therapy. It is difficult to suspect BTT on clinical examination as the classic
heterozygote carrier of BTT is usually asymptomatic.2 Usually the possibility of BTT is
suspected on evaluation of positive family history, on hemogram variables or during
population screening programs.(“) The correct identification of persons having BTT is an
essential part of any screening program as significant number of people are unable to provide
a positive family history of having affected individuals.?

The screening for BTT is very difficult mainly because of heterogeneity of - Thalassemia
and due to the fact that there is no single test to detect all variants. Despite these difficulties
many researchers have tried to establish effective screening tests in order to address these
problems viz. estimation of HbA, HbA, HbF & determination of red cell indices. However,
screening by these techniques is time consuming and expansive for mass screening
programmes.”

To qualify for a mass screening tool, an ideal screening test must be easy to perform,
minimally invasive, less technically advanced, accurate in its objective, cheap to perform, and
above all, must have on site result availability. Several studies recommend NESTROFT as
screening test for detection of BTT in India'® 1% %15 Tran'® and Jordan'.

With NESTROFT test sensitivity of 93% and specificity of 88% in detection of BTT and
differentiating among cases of microcytosis, our results are comparable with studies carried
out on same topic in other parts of the world.* ¢ '3 1¥22

NESTROFT was positive only in 13% cases of IDA while it was negative in 88% of subjects
with IDA. It was very sensitive to differentiate between IDA & BTT with Negative
Predictive Value of 97%. Red blood cells in both IDA & BTT have an increased surface area
to volume ratio, leading to a positive NESTROFT test. But we observed that NESTROFT
was efficient enough to differentiate between both conditions. NESTROFT can be used as
screening tool to rule the possibility of BTT by having a negative result. Positive
NESTROFT results should be verified (for BTT) by standard Hb electrophoresis.

We understand that thalassemia can better be prevented, rather than treated. Considering the
bleak outcome of commonly deployed methodologies for treating these patients, including
latest therapies, promoting the best practice in thalassemia prevention and effective utilization
of prenatal diagnosis is still the goal.

Conclusion

Based on observations in this study, we conclude that NESTROFT can be used effectively to
differentiate BTT cases from iron deficiency if augmented with CBC variables by automated
analyser. In remote local areas or where facilities of automated analysers are not available,
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and also for the purpose of mass population screening, NESTROFT may serve its purpose as
an efficient mass screening tool.

Acknowledgement: The authors wish to thank Dr Moinuddin for his support & guidance in
commencing this research work.
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