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Evaluation of the single tube osmotic fragility test in
detection of B-thalassaemia trait
A. C. GORAKSHAKER, R. COLAH, A. NADKARNI, S. DESAI

ABSTRACT
NESTROFT (the Naked Eye SingleTube Red Cell Osmotic
FragilityTest) isa simpleand inexpensivemethod for detecting
the (3~thalassaemiatrait in the general population. Its results,
however, depend on visual interpretation. We assessed inter-
observer variability in the recording of results by three
individuals on 380samples of blood collected intravenously.
We also tested 745 samples by finger prick using a drop of
blood or a uniform (20 !Jo1) volume and found that when a
uniform volume was tested the proportion of false positive
results was 7% (28/380)as compared to 22% (79/365)when a
drop was used. We found that although there-was little varia-
tion in recording negative results, there was more variation
in recording positive or doubtful results.

We conclude that when the NESTROFT in field tests is
positive or doubtful, then the blood should be further tested
in a laboratory for Hb A2 and a uniform volume of blood
rather than an arbitrary drop should be used in the test.
NESTROFT is suitable for large scale preliminary screening
for the (3-thalassaemiatrait in India.

INTRODUCTION
The hereditary anaemias are among the commonest of the
genetically determined disorders. In India, thalassaemia
is the most important anaemia and accounts for a large
mortality in childhood. Although modern management
provides a better quality of life for these patients, treatment
is uncomfortable and imposes a heavy financial burden
on the entire family. The experience in Cyprus, Greece
and Italy shows that the incidence of babies born with
thalassaemia major can be checked by community based
prevention programmes.l=' Such programmes should
include community education, inductive screening, pros-
pective screening to identify heterozygotes in defined
target groups, genetic counselling and prenatal diagnosis.

Determination of red cell indices followed by haemo-
globin electrophoresis and estimation of Hb A2 levels is the
best way to identify ~...thalassaemia carriers. In population
surveys this technique has proved to be expensive and
time consuming. Therefore, several investigators have
been looking for a simple and inexpensive screening test
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that can be performed in the field and applied widely in
developing countries. Kattamis et al." used 0.36% buffered
saline' in a single tube osmotic fragility test to detect
~~thalassaemia trait (BIT) individuals in the general
population. This test, NESTROFf (Naked Eye Single
Tube Red Cell Osmotic Fragility Test) has been used by
Mahadik et al," and Mehta et al. 7 to detect BTT in India.
Both the groups have evaluated the sensitivity and
specificity of NESTROFf in screening for BTT. The main
aim of the present study was to look for inter-individual
variability in the recording of the results as this test is
based on the visual interpretation of osmotic fragility. We
also examined the effect of other variations in the proce-
dure such as using a 'drop' or a fixed volume (20 t-tl)of
blood.

MATERIALS AND METHODS
NESTROFf was carried out as follows: 10% buffered
saline was prepared as described by Dacie and Lewis' and
used as a stock solution. This was preserved in a refrigerator
for 2 to 3 weeks. From this, 0.36% buffered saline (work-
ing solution) was prepared just before the test was begun.
Two millilitres of this solution was taken in a Corning
glass tube (100 mm x 10 mm) and to this, 20 t-tlof whole
blood (either in EDT A or directly from a finger prick) was
added. The tube was shaken and kept at room temperature
for 25 to 30 minutes. The results were recorded as positive,
if by holding a white paper {lotmore than 1em behind the
tube a thin black line on it was not visible. If the line was
clearly visible the test was negative and if the line was
partially visible the test was doubtful. The results were
recorded independently by three individuals. Specificity,
sensitivity and predictive value of the positive and the
negative results were calculated.

The samples included in this study were collected from
individuals belonging to high risk communities such as
Gujaratis and Sindhis during thalassaemia minor detec-
tion camps conducted by our institute in collaboration
with Rotary Clubs from different regions illBombay. Three
hundred and eighty samples, collected intravenously in
outdoor camps were brought to the laboratory and tested.
Red cell indices were determined on an Erma-PC-604 cell
counter while haemoglobin electrophoresis was carried
out on cellulose acetate (pH 8.9) and Hb A2 quantitation
after elution.> In addition 745 finger prick samples were
tested by NESTROFf at two camps. In the first camp
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TABLEI. Comparison between MCV and results of NESTROFf recorded by three individuals

NESTRO FT (positive) NESTROFT (doubtful) NESTROFT (negative)
A B C A B C A B C

MCV<75 fl; Hb A2>3.8% 35 39 40 16 13 11 1 1
MCV<75 fl; Hb A2<3.8% 15 4 5 17 21 22 52 51 49
MCV>75 fl; Hb A2<3.8% 5 3 10 13 22 17 226 227 225

Total 55 46 55 46 56 50 279 278 275

(365 samples) one drop of blood was used for the test and
in the second camp (380 samples) 20".1of blood was used.
In this series, intravenous blood samples were collected
only from individuals who showed either a positive or
doubtful result on this screening test. Red cell indices,
and Hb A2 levels were measured and haemoglobin
electrophoresis performed.

RESULTS
The results of NESTROFT on 380 samples, a few hours
after blood collection, as recorded by three individuals
(A, Band C) independently are shown in Table I. These
findings were correlated with the number of true positive
and true negative results as indicated by mean corpuscular
volume determination and estimation of Hb A2 levels.
There was hardly any variation in recording negative
results but variation was observed while recording positive
or doubtful results although this was not statistically
significant (12 = 2.0698 for 4 d.f.), 12 values were also
calculated between different pairs to examine the level of

TABLEII. Specificityand sensitivityof NESTROFf

Individual Specificity Sensitivity
(%) (%)

Positive Negative
predictive value predictive value

(%) (%)

A
B
C

98.1
100.0
98.1

50.5
50.9
48.6

84.8
84.8
83.5

99.6
100.0
99.6

TABLEIII. Field experience with NESTROFf

vanation. It was the lowest for A x C (0.0978) as com-
pared to the other two sets; A x B (2.5895) and B x C
(1.1578). Of the 52 true BTT samples detected in the sur-
vey, (Hb A2>3.8%) A and C would have missed detecting
one individual with BTT on the basis of NESTROFT alone.
An important point is that many individuals with BTT
showed doubtful results whilst many samples which were
positive by NESTROFT turned out to be normal on the
basis of red cell indices and Hb A2 estimation.

The sensitivity and specificity of the test determined
independently are depicted in Table II. Although sensitivity
was in the range of98% to 100%, specificity was only 82%
to 84%. The predictive value of negative results was very
good but that of the positive results was only about 50%.

Table III shows our experience with this screening test
in outdoor population surveys for detection of BTT. Out
of 745 samples screened in the field, 587were NESTROFT
negative. Intravenous blood samples were collected from
the remaining 158 individuals who were NESTROFT posi-
tive or doubtful. The presence of BTT was confirmed in
28 samples by Hb A2 estimation. In the first camp when
one drop of blood was used for the test, 22% (79/365) of
the samples with a mean corpuscle volume of greater than
75 fl and normal Hb A2 levels gave a positive or doubtful
NESTROFT result. In the second camp when 20 ",I blood
was added there were only 7% (28/380) of samples with a
mean corpuscle volume of greater than 75 fl and normal
Hb A2 which gave a positive or doubtful NESTROFT
reaction.

Volume of
whole blood

NESTROFT MCV<75fl;
HbA2<3.8%

MCV>75fl;
HbA2<3.8%

TotalMCV<75fl;
HbA2>3.8%

CampI
One drop

Positive
Doubtful
Negative

14 9
3

31
48

54
51

260

Total 14 7912 365

Camp II
20,...1

Positive
Doubtful
Negative

14 7
4

14
14

35
18

327

Total 14 38011 28
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DISCUSSION
The objective of a thalassaemia screening programme is to
identify heterozygotes during marriage counselling so that
the birth of a child with thalassaemia major may be avoided.
The prenatal diagnosis of thalassaemia is now possible in
India," and it has now become important to reduce the
births of homozygotes. The introduction of an efficient
screening strategy followed by appropriate counselling
will mark the transition from retrospective to prospective
foetal diagnosis and result in effective control of the disease.

In our country where iron deficiency is widespread and
may well be the leading cause of severe microcytosis and
where the possibility of e-thalassaemia exists, a simple,
inexpensive preliminary screening test for ~-thalassaemia is
needed which does not require any sophisticated equipment
and can be performed even at the primary health centre
level. This will help select suspected cases of BTT for
further investigation in centralized laboratories where
facilities for determining red cell indices and estimation of
Hb A2 are available.

NESTROFf appears to be one such test which has been
evaluated for its usefulness by several workers. Earlier
studies have recorded the results of NESTROFf as
negative or positive depending on whether the black line
held behind the tube was visible or not. When this test was
performed in the laboratory on samples which were brought
from the field, it was found that in a number of instances
we could not clearly differentiate between a positive and
negative result and to avoid errors we recorded these
cases as doubtful. Comparing these results with the actual
number of cases with BTT (MCV less than 75 fl and
Hb A2>3.8%), it can be seen that several cases of BTT
showed doubtful results. This may be due to the fact that
in this series the NESTROFf was done in the laboratory,
a few hours after the collection of blood and this time
lapse may have resulted in a slightly increased fragility in
some samples. It is quite clear from Table III that when
NESTROFf was performed in the field on finger prick
samples, all true cases of BTT gave positive results in the
screening test. The predictive value of a positive test is
only 50% but what is important is that using this screening
test we could have eliminated more than 60% (Table I) of
the samples from further investigations. This would help
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to reduce the workload in a laboratory considerably.
Maccioni and Ca09 have reported that when ~-thalassaemia
and e-thalassaemia are common in a population some of
the BTTs have normal indices but a positive screening test
and these would be missed if only indices are used for pre-
liminary screening. Using the screening test alone would
also have missed detection of about 3% of carriers. In our
series all BTTs had an MCV of less than 75 fl and using
the screening test only one of the 52 cases would have
been missed by two individuals while the third would
detect all cases.

We suggest that NESTROFf be adopted as the method
of choice for preliminary screening for ~-thalassaemia
trait in India. Performing the test in the laboratory on
samples collected in the field and using uniform volumes of
blood will render further tests for Hb A2 estimation
unnecessary. All doubtful cases should be tested for Hb A2
levels particularly if there is a time lag between blood collec-
tion and the test being performed. Individuals who perform
the test should be trained to distinguish between positive
and negative results.
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