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Abstract: Introduction: Thalassemia is a common inherited hemoglobinopathy in Pakistan. Despite various preventive measures taken, each
year around 5000 new cases are diagnosed. The problem occurs due to undiagnosed beta Thalassemia carriers. This is because of lack of
massive screening programs and unavailability of hemoglobin electrophoresis in different cities of Pakistan. The aim of this study is to assess
the sensitivity of different discriminating indices in screening of beta Thalassemia trait.

Material and Methods: The study was conducted at Pakistan Institute of Medical Sciences from January 2018-July 2018. All patients who
were diagnosed as beta thalassemia trait through hemoglobin electrophoresis were included in the study. Seven discriminating indices were
applied and sensitivity of each index was calculated.

Results: The male to female ratio was 1:1. 88% of the cases had a positive family history of Thalassemia. Among the various indices used,
Shine and Lal showed a sensitivity of 100%, followed by Ricerca (96.6%) and Ehsani (92.58%). The sensitivities of Mentzer, Srivasta, RDWI
and MCHD were 92.56%, 91.70%, 79% and 70.9% respectively. The results of our study showed that Shine and Lal is the most sensitive index
for screening beta Thalassemia trait.

Conclusion: Shine and Lal index is useful to the clinicians as an initial screening tool of beta thalassemia trait. Such cases can then be referred
to laboratories where hemoglobin electrophoresis facility is available.
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INTRODUCTION More than 40 discrimination indices have been reported in
literature to differentiate between beta Thalassemia and Iron
deficiency anemia however, some of them are based on
complex mathematical formulas [4]. It is therefore important
that the discrimination index is based on simple formula
which can easily be memorized and calculated without the
need of a calculator. The aim of this study was to find the

sensitivity of most commonly used discriminating indices.

MATERIAL AND METHODS

Beta Thalassemia is a genetic disorder in which hemoglobin
synthesis is impaired. It has an autosomal recessive pattern of
inheritance which can result into homozygous state called
beta Thalassemia Major or heterozygous state known as Beta
Thalassemia trait. Thalassemia is prevalent worldwide. It is
estimated that around 3% of the whole world population
carries the mutated for Thalassemia. Each year 60,000 babies
are born with Thalassemia of which 80% burden is mainly on
the Asian countries [1]. In Pakistan, 5000 cases are diagnosed
with Thalassemia every year. The carrier rate in our country is
5-8% [2].

The study was conducted in the Pathology Department of
Pakistan Institute of Medical Sciences (PIMS) from January
2018 till July 2018. A total of 121 patients, who were referred

The diagnostic test for Thalassemia is Hemoglobin  to us for hemoglobin electrophoresis and those which were

electrophoresis. However, complete blood picture may also
be rendered useful for early screening of Thalassemia trait.
Microcytic hypochromic Anemia is usually present with
Mean Corpuscular Volume (MCV) of < 75fL, Mean
Corpuscular Hemoglobin (MCH) of < 25pg and Red blood
cell count of > 5 million/u L [3]. However, microcytic
hypochromic Anemia is also a feature of iron deficiency
Anemia therefore diagnosing Thalassemia trait on blood
picture is challenging.
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diagnosed as Beta Thalassemia trait were analysed. HbA2
value of > 3.5% was considered as diagnostic for Beta
Thalassemia trait. Pregnant females and patients with history
of recent transfusion were excluded.

Seven discrimination indices based on simple mathematics
were applied to all cases which were diagnosed with beta
thalassemia trait on hemoglobin electrophoresis. These
include Mentzer Index [5], Srivastava Index [6], Sine and Lal
Index [7], RDW Index [8], Ricerca Index [9], Mean cell
hemoglobin density (MCHD) [10] and Ehsani Index [11].
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The calculation and critical values of these indices are mentioned below in Table 1.
Table 1. The Discrimination Indices with Cut Off Values.
No. Name Formula Cut off for pTT Cut off for IDA
1 Mentzer Index [5] MCV/RBC <13 >13
2 Srivastava [6] MCH/RBC <3.8 >3.8
3 Shine and lal [7] MCV2xMCH/100 <1530 > 1530
4 RDW Index [8] MCVxRDW/RBC <220 >220
5 Ricerca [9] RDW/RBC <44 >4.4
6 MCHD [10] MCH/MCV <0.3045 >0.3045
7 Ehsani [11] MCV — (10xRBC) <15 >15
PTT: Beta Thalassemia trait, IDA: Iron deficiency Anemia, RESULTS

RDW: Red cell distribution width, MCHD: Mean cell
hemoglobin density.

The sensitivity of each index was calculated by putting in true
positive and false negative cases in the following formula:

Sensitivity = True positive x 100

True positive + False negative

The age range was 7 months-42 years, out of which 61 were
males and 60 were females. Out of 121 cases, 106 (88%) had
a positive family history of Thalassemia while the remaining
15 (12%) cases gave no history of known Thalassemia patient
in the family. The results of complete Blood Picture of these
cases is given in Table 2, showing the mean values with
standard deviation and minimum and maximum range of the
parameter obtained.

Table 2. The Complete Blood Picture Report of Beta Thalassemia Patients.

No. Hematological Parameters Mean + SD Range (Min-Max)

1 Total Leucocyte Count (x 103/ puL) 92+23 4.5-15

2 Red Blood Cell Count (x 10 pL) 5.84+0.6 4.5-7.5

3 Hemoglobin (g/dL) 11+1.7 5.1-13

4 Hematocrit (%) 37+4.38 23-49

5 Mean Corpuscular Volume (fL) 62.9+4.41 50.7-77.9

6 Mean Corpuscular Hemoglobin (pg) 19+2 11-25

7 Mean Corpuscular Hemoglobin Concentration (g/dL) 29.7+14 22.5-32.1

8 Platelet Count (x 10/ pL) 358 +129 169-871

9 Reticulocyte Count (%) 1.9+14 0.2-7.2

The results of the discriminating indices showing true positive and false negative cases is mentioned below in Table 3.

Table 3. Sensitivity of Discriminating Indices (n =121).

No. Name True Positive (n) False Negative (n) Sensitivity (%)

1 Mentzer Index 112 09 92.56
2 Srivastava 111 10 91.70
3 Shine and lal 100 0 100

4 RDW Index 96 25 79

5 Ricerca 117 4 96.6
6 MCHD 85 36 70.2
7 Ehsani 112 9 92.58
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Table 4. Comparison of Sensitivity of Discriminating Indices in Other Studies.

No. | Name of study (Year) Sensitivity Of Indices (%)
Mentzer | Srivastava | Shine and Lal | RDWI | Ricerca | MCHD Ehsani

1. Vehapoglu 98.7 85.7 100 83.1 100 77.9 94.8

etal (2014) [12]
2. Tari et al. (2015) [13] 92.5 - 81.25 - - - -
3. Bordbar 75.7 73.4 87.6 - - - 79.5

etal. (2015)[14]
3. | Zahidetal (2016) [15] 83 80 100 100 - - -
4. | Ehsani et al. (2009) [16] 95.5 85.7 - - - - 95.5
5. Khan et al. (2018) [16] 52 46 95 2 - - -
6. | Kumar et al (2017)[17] 76.7 79.1 97.7 67.4 65.1 - -
7. Mukhopadhyay ef al. 57.3 52.5 96.4 63.0 - --

(2015) [18]

8. Roth et al. (2018) [19] 75.54 62.84 98.74 - - - 75.07
9. Present study 92.56 91.70 100 79 96.6 70.9 92.58

- Blank spaces indicate that index was not applied in that particular study.

DISCUSSION

According to our study, Shine and Lal showed the highest
sensitivity, followed by Ricerca and Ehsani Indices. Almost
similar results were obtained in studies done in our local
population and other Asian region countries.

Table 4 shows the comparison of sensitivity of the
discrimination indices in various studies. Vehapoglu et al.
[12], Bordbar et al. [14], Zahid et al. [15], Khan et al. [16],
kumar et al. [17], Mukhopadhyay et al. [18] and Roth et al.
[19] found Shine and Lal index to be the most sensitive. Only
Vehagpolu ef al. and Zahid et al. found 100% sensitivity for
Shine and Lal index, similar to our findings.

In the studies done by Tari et al. [13] and Ehsani ef al. [11],
Mentzer Index showed the highest sensitivity. Shine and Lal
was not applied in the later . Zahid et al also found RDWI to
have 100% sensitivity which was also evident in the study
done by Jameel et al. [20] and Niazi et al. [21]. It is also
considered more reliable as compared to RDW alone [22]. In
another recent study, Ricerca Index was found to be highly
sensitive [23].

A meta-analysis done by Hoffmann et al. also stated the
combined sensitivity of these indices. According to their
report, the highest sensitivity was of Shine and Lal (96%),
followed by Ricerca (93%). Mentzer showed sensitivity of
82%, Srivastava 78%, Ehsani 91%, and RDWI 62% [4].

In a recent study by Sirdah et al., it was found that the RBC
indices show variation when applied to males and females.
The highest sensitivity was found for Srivastava Index which
was 78.20% in case of male patients (n = 400) and 95.58% for
female patients. (n = 400). This could also be a possible
explanation of variable results obtained in different studies. In
our study equal numbers of male and female patients were

taken to exclude this difference [24].

It is also worth consideration that 12% cases from our study
did not give any positive history of Thalassemia in the family.
Therefore, in a country like ours, where hemoglobin
electrophoresis is not readily available in all cities, it is very
essential for the clinicians to carefully see the complete blood
picture with special emphasis on RBC indices. A simple
discriminating index such as Shine and Lal may be very useful
in the initial screening of Beta Thalassemia trait. Such cases
may then be referred to advanced clinical laboratories where
the facility of hemoglobin electrophoresis is available.

CONCLUSION

Among various indices, Shine and Lal Indice shows the
highest sensitivity. These discriminating indices are very
useful tool in screening of Beta Thalassemia, especially in
developing countries where hemoglobin electrophoresis is not
readily available in every laboratory.
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