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ABSTRACT

Background: Haemoglobinopathies and thalassemias are inherited conditions, being diagnosed with increasing prevalence in India. The
double heterozygosity for o and § chain variants leads to the formation of abnormal heterodimer hybrids, which can lead to diagnostic
dilemmas. Hematological parameters of double heterozygous conditions have not been analysed much in the literature.

Methods: This study is a retrospective analysis of haemoglobin High Performance Liquid Chromatography (HPLC) from January 2006 to
August 2014. Hematological parameters of these patients were also analysed and correlated with respective haemoglobin HPLC findings.
Family screening of cases was also done wherever possible.

Result: Out of 6180 cases, 14 cases were found to be of double heterozygous with 10 cases of Hb E-f3 thalassemias, and 4 cases of Hb S-8
thalassemias. In Hb E-f thalassemias, significant negative correlation was noted between haemoglobin and Red cell Distribution Width
(RDW) and also between RDW and Red Blood Cell (RBC) count. In Hb S-f3 thalassemias, significant negative correlation was seen between
Hb A2 level and RBC count.

Conclusion: Although, haemoglobin chain disorders require combination of techniques, HPLC is a cost effective and powerful tool for
characterization of these disorders. This study also highlights the importance of hematological parameters (Hb, RDW and RBC count) in
elucidation of double heterozygous haemoglobinopathies from much commoner variants of haemoglobinopathies, particularly in under
resourced areas. No similar studies correlating HPLC findings and RBC indices have been found in the literature.
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Introducation

Haemoglobinopathies and thalassemias are inherited
conditions of abnormal haemoglobin synthesis being
diagnosed with increasing prevalence in India. They occur
due to changes in the amino acid sequence of either globin
chain or decrease in globin chain production.!y Common
haemoglobinopathies in India are thalassemia along with Hb
S, Hb E, Hb D, and their combinations.?”! Cation exchange
high performance liquid chromatography (CE-HPLC) is an
excellent tool for accurate and reliable diagnosis of various
haemoglobin (Hb) disorders. Haemoglobinopathies can
occur either in heterozygous or homozygous states. The
double heterozygosity for o and B chain variants leads to
the formation of abnormal heterodimer hybrids.!"! This
results in variable clinical and laboratory features leading to
diagnostic dilemmas and delay in diagnosis. So, this study
aimed to analyse the haematological and HPLC parameters
in cases of double heterozygous haecmoglobinopathy, and
also to identify correlation between these parameters.

Materials and Methods
This study was a retrospective analysis of haemoglobin
HPLC taken from the medical records of a tertiary care

hospital in North India from January 2006 to August 2014.
A total of 6180 cases were included in the study. Complete
haemogram with RBC indices was performed on automated
cell counter for all the cases. HPLC was performed using
VARIANT™ [-thalassemia short program and was used
for identification of haemoglobinopathies in this study.
Family screening of cases was also done wherever possible.
Statistical analysis was performed using SPSS version 17
software. Pearson correlation was also done and a p value
less than 0.05 was considered significant.

Results

Among 6180 patients only 249 (i.e. 4.02%) were found
to have abnormal haemoglobin fractions. Among the
patients having abnormal haemoglobin fractions on HPLC,
14 (0.22%) were found to have double heterozygous
haemoglobinopathies.

Hb E-p Thalassemia: Patient showing a peak at the
HbA2/E position with increased HbA2 level (>15%) and
increased Hb F level (5 - 87%) was labelled as a double
heterozygous state of Hb E and p-thalassemia.’ In the
present study, 10 (0.16%) patients were diagnosed as Hb
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E-p thalassemias. The mean value of Hb A2 and Hb F were
55.8£15.6 % and 27.2+17.4 % respectively. Complete
haemogram revealed microcytic hypochromic anaemia
in all the patients with the mean haemoglobin of 7.3g/dl,
ranging from 3.1 to 9.5g/dl. Mean values of RBC count,
hematocrit, Mean Corpuscular Volume (MCV), Mean
Corpuscular haemoglobin (MCH), and Mean corpuscular
Haemoglobin Concentration (MCHC) were 3.82 X10'%/1,
22.8%, 60.3 fl, 19.5 pg and 32.3 g/dl respectively. RDW
ranged from 21.1 to 40.5% with a mean of 32.1% (Table 1).
Pearson correlation between RBC count and RDW showed
a significant negative correlation (p value < 0.05). Pearson
correlation between Hb level and RDW also showed a
significant negative correlation (p value < 0.05).

Hb S-p thalassemia: Patient showing a peak at the
S-window with increased Hb A2 (3.5-5.5%) was labelled
as a double heterozygous state of Hb-S and B-thalassemia.
M In the present study, 4 (0.06%) patients were diagnosed
as Hb S-f thalassemias. The mean value of Hb S and Hb A2
were found to be 62.8+14.8% and 4.7+0.6% respectively.
The mean value of Hb F was found to be 16.3+5.8%.
Complete haemogram revealed microcytic hypochromic
anaemia in all the patients except for one case, with the
mean haemoglobin of 8.3g/dl, ranging from 5.3 to 11 g/
dl. Mean value of HCT, RBC, MCV, MCH, MCHC, and
RDW were 25.6%, 3.6 X10'%/1, 69.4 1, 23.3 pg, 33.5 g/dl
and 25.6% respectively (Table 1). A negative correlation
between Hb A2 and RBC count, as well as between Hb A2
and HCT (p value < 0.05) was noted.

Table 1: HPLC haemoglobin fractions and their haemogram values.

Hb E-B thalassemia
1 81.1 - 9.7 9.3 4.52 60.4 20.7 34.3 211 27.3
2 74.3 - 13 8.5 4.69 56.8 18.2 32 28.2 26.7
3 69.5 - 15.7 6.5 4.41 475 14.8 31.3 34 20.9
4 59.3 - 201 7.8 4.31 60.4 18.2 30.2 31.4 26
5 53.5 - 37.2 3.1 1.71 64.3 21.2 33 39.3 11
6 52.7 - 17.3 6.3 2.86 68.6 22 32 40.5 19.6
7 49.3 - 452 9.5 4.68 63.1 20.4 32.4 24.5 29.5
8 48.2 - 44.3 7.3 3.85 58.9 19.1 32.4 35.5 225
9 40.5 - 58.5 6.8 3.55 58.9 19.2 32.6 30.9 20.9
10 30 - 1.3 8 3.68 65 21.7 33.4 35.8 23.9
Hb S-B thalassemia
1 5.4 77 11 5.3 2.19 68.6 26.7 38.9 229 15
12 5.1 69.6 19.1 6 3.04 64.4 19.9 30.8 34 19.6
13 43 62.2 23.2 11 4.90 72 225 31.2 22.7 35.3
14 4.1 42.4 1.9 10.9 4.53 72.6 24.2 33.3 23 32.8
Table 2: Comparison of prevalence with other studies.
(Diagnosis [ swdy [ Prevalence(%) |
Present 0.16
Hb E-B thalassemia Mohanty D et al [7] 0.19
Baruah MK et al [8] 2.14
Present 0.06
Hb S-B thalassemia Mohanty D et al [7] 0.02
Baruah MK et al [8] 0.6
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Table 3: Comparison of HPLC haemoglobin fraction with other study.

T S Y Er s

Diagnosis Study Hb A2 (%) Hb F (%) Hb S (%)
) Present 55.8+15.6 27.2+17.4 -
Hb E-B thalassemia
Baruah MK et al [8] 56.7+9.6 30.7+10.1 -
. Present 4.7+0.6 16.315.8 62.8+14.8
Hb S-B thalassemias
Baruah MK et al [8] 6.3+0.9 18.9+8.7 69.3+9.2
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a) Hb E-f thalassemia b) Hb S-f thalassemia

Fig. 1: a) Double heterozygous state of Hb E and 3-thalassemia b) Double heterozygous state of Hb-S and B-thalassemia.
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Heterozygous [ thal Heterozygous HbE
Hb Ap—84.4% Hb Ay —65.6%
Hb A2 - 58% Hb A2 —26.6%
HbF - 0.6%
Double heterozygous HbE Heterozygous HbE Double heterozygous HbE
& [B- thal & - thal
Hb A2 — 53 5% Hb A2 — 74 3%
HbF -37.2% HboF - 13%

Fig. 2: Family study of double heterozygous Hb E and p-thalassemia.

Discussion

The coinheritance of two different haemoglobinopathies
is a rare occurrence. Although, they superficially resemble
the non-coinherited variants, they show subtle variations in
clinical, laboratory and management aspects. Among the
laboratory investigations, HPLC is useful in presumptive
diagnosis of various haemoglobinopathies. Although,
DNA based techniques are needed for better delineation
of these disorders, HPLC analysis in conjunction with
clinical profile and different haematological parameters
is pertinent for evaluation of double heterozygous
haemoglobinopathies.

The cumulative frequency of haemoglobinopathies in
India has been found to be 4.2% in a previous study.’! A
comparable frequency of haemoglobin chain disorders
(4.02%) was observed in our study.

Hb E-p Thalassemia: Patients having double heterozygous
state of Hb E and p-thalassemia is characterized by marked
clinical variability ranging from mild and asymptomatic
anaemia to a life-threatening disorder requiring
transfusions from infancy.[ This is different from other
double heterozygous states for structural B-chain variants
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and B-thalassemia. A study by Mohanty D et al [ reported
a prevalence of 0.19% which is similar to the present
study (0.16%). Higher prevalence (2.14%) noted in the
study by Baruah MK et al ¥ is due to regional variation
of haemoglobin disorders in India (Table 2). Mean values
of HbA2 and Hb F in this study were similar to another
study by Baruah MK et al ! (Table 3). In addition, there
was a negative correlation between RDW and Hb and also
between RDW and RBC count (p value < 0.05). However,
no studies correlating HPLC findings and RBC indices
have been found in the literature. Family study of two
cases in the same family has been depicted in figure 2.
Similar family study for diagnosis of double heterozygous
conditions has also been used in other studies.[!*!

Hb S-p Thalassemia : Hb S-B thalassemia is a double
heterozygous state of Hb S and B-thalassemia. The clinical
course is similar to that of Hb SS, however anaecmia
is comparatively milder than in sickle cell anaemia ™.
A study by Mohanty D et al [ reported a prevalence of
0.02% which compares favourable with our study (0.06%).
Higher prevalence (0.6%) noted in the study by Baruah
MK et al ® is due to regional variation of haemoglobin
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disorders in India (Table 2). Previous study showed mean
values of MCV for Hb S-B* thalassemias and Hb S-p°
thalassemias to be 72 fl and 67.8 fl respectively 1 and a
comparable mean value of MCV of 69.4 fl was noted in our
study. Mean values of Hb S, HbA2 and Hb F in this study
were similar to another study by Baruah MK et al ¥ (Table
3). There was a negative correlation between Hb A2 and
RBC count as well as between Hb A2 and HCT (p value <
0.05). No similar studies correlating these parameters have
been found in the literature.

Conclusion

In conclusion, rarity of these disorders makes the diagnosis
challenging. Haemoglobin chain disorders require a
combination of techniques including HPLC, which is one
of the most important diagnostic modality for elucidation
of double heterozygous cases. Diagnostic difficulties
are encountered by overlapping laboratory findings,
prompting the search for newer parameters. Hematological
parameters like haemoglobin level, RBC indices, and
Hb A2 level and their correlation are important for
characterization of double heterozygous state. This study
highlights the significant negative correlation between
RDW and Hb as well as RDW and RBC count in double
heterozygous cases of Hb E-f thalassemia (p value <0.05),
which helps particularly in elucidation of challenging
cases. Role of family screening in a suspected case is
also crucial. To the best of our knowledge, correlation of
different hematological parameters for characterization of
double heterozygous haemoglobinopathies has not been
reported so far in the Indian literature. However, further
studies including larger number of cases are required
to validate the statistical correlation. This may unmask
significant haematological parameters, which lead to better

*Corresponding author:

diagnostic evaluation and understanding of these disorders
particularly in under resourced areas.
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