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INTRODUCTION

An estimated 7% of the world population carries an abnormal haemoglobin (Hb) gene, while about 300,000-500,000
individuals are born each year with significant haemoglobin disorders (1). Haemoglobinopathies are the most common
inherited genetic disorders in India, characterised by abnormal production or structure of the haemoglobin molecule. It is
grouped into two major groups: (i) thalassaemia syndromes consisting of  and a-thalassaemia and (ii) structural variants
of Hb consisting of sickle cell disease (HbS), haemoglobin E disease (HbE), haemoglobin C disease (HbC), haemoglobin
D disease (HbD) and rare haemoglobin Constant Spring disease (HbCS) (2). According to the World Health Organisation
(WHO), approximately 5% of the world’s population carries trait genes for haemoglobin disorders, primarily sickle cell
disease and thalassaemia (3). WHO reports that India shows marked diversity in the distribution of haemoglobin disorders.
The expected annual number of affected births, estimated at 0.5/1000 live births for an average annual birth cohort of 25
million, was predicted to be 12,500 thalassaemia major births per year (2). The 2011 Census of India states that there are
1.38 billion people, with the tribal population accounting for 8% of the total. Many multicentric studies have been
conducted by various organisations or as part of state thalassaemia control programmes, as well as numerous Tribal surveys
across different states of India (4). The literature on the prevalence of haemoglobin E in North-eastern India primarily
comes from Assam and Meghalaya, with minimal literature from the rest of the north-eastern states (5). According to a
recent meta-analysis, the prevalence of thalassemia carriers in India is estimated at 4% (6). From Manipur, there are a few
reports on the prevalence of haemoglobin variants among its ethnic groups. However, research specific to the ethnic tribal
population of Manipur, one of the North-eastern states of India, is rare. The clinical spectrum of the disorders varies from
asymptomatic conditions to serious disorders like thalassemia major that require regular blood transfusions and extensive
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medical care. Identification of these disorders is of immense epidemiological importance and helps prevent more serious
haemoglobin disorders.

MATERIAL AND METHODS

This was a cross-sectional, observational study conducted for a period of 5 years from May 2014 to June 2019 at the
Regional Institute of Medical Sciences, Manipur, funded by the Department of Biotechnology (DBT), Delhi. The study
was approved by the Research Ethical Board, RIMS, Imphal. A total of 2840 volunteers from Manipur, representing
different ethnic groups, participated in the study. The study population was grouped into four major classes based on their
ethnicity as Meitei, Naga, Kuki and others. The “others” group consisted of subjects of ethnicities other than the three
major groups mentioned above. Neonates and individuals who had received a recent blood transfusion were excluded from
the study. Voluntary informed consent was taken from all the individuals and three mL of blood was collected from each
subject in an EDTA vacutainer. The sample was run on an Inter Lab Genio electrophoresis instrument using a commercially
available InterLab Master Kit at pH 8.6. For Hb electrophoresis, hemolysate of each sample was prepared on the same day
of performing the electrophoresis and the hemolysate was run on cellulose acetate strips. Haemoglobin is a negatively
charged protein and migrates towards the anode at an alkaline pH. Also, the structural variants of Hb deflect a change on
the surface of the molecule that separates from HbA. Haemoglobin variants that have an amino acid substitution that is
internally sited may not separate and those that have an amino acid substitution that has no effect on overall charge will
not be separated by electrophoresis. This kit provides the electrophoresis separation of haemoglobin on a cellulose acetate
strip. After electrophoresis, different haemoglobin types form different bands on a cellulose acetate strip. These bands are
then read by a densitometer automatically by the electrophoretic apparatus.

RESULTS

Of all the 2840 subjects, abnormal Hb variants were observed in 1313 cases accounting for 0.46%. Five haemoglobin
variants were observed amongst the study population. The plethora of Hb variants ranged from HbE (66.4%) as the most
common Hb variant, followed by B thalassemia carrier/homozygous B%p+ (28.2%), heterogeneous d/p thalassemia (3.2%),
B thalassemia carrier (1.9%) and Hereditary Persistence of Fetal Haemoglobin (HPFH) heterozygous (0.3%). The Meitei
tribe accounted for 730 cases (0.55%) for hemoglobinopathies, followed by Naga tribe with 306 cases (0.23%), Kuki with
214 cases (0.16%) and others with 63 (0.04%) cases. (Table 1). The least Hb variant, HPFH heterozygous was observed to
be prevalent among the Meitei population (75%).

Table 1: Prevalence of Hb variants among the ethnic population:
Hb variants Meitei Naga Kuki Others Total (%)
HbE 477 204 148 43 872 (66.4)
B thalassemia carrier/ homozygous [B0/B+, 213 85 56 16 370 (28.2)
Heterogeneous d/p thalassemia, 22 12 6 2 42(3.2)
B thalassemia carrier 15 5 3 2 25 (1.9)
HPFH heterozygous 3 - 1 - 4 (0.3)
Total 730 306 214 63 1313

In this study, Haemoglobinopathy was observed more frequently amongst females than amongst males, irrespective of
ethnicity. The Male (M): female (F) ratio was 1:1.2. However, heterogeneous d/p thalassemia was observed twice more
common in males than females. The most common Hb variant, HbE, showed a greater female preponderance than the male
population, M: F was 0.8:1. Also, B-thalassemia carrier/ homozygous B0/B+ had a M: F of 0.7:1; B-thalassemia carrier of
0.5:1, HPFH heterozygous of 1:3. Table 2 depicts the sex prevalence of Hb variants amongst the study population.

Table 2: Sex prevalence of Hb variants amongst the study population:

Hb variants Male Female

Hb E 393 479

B thalassemia carrier/ homozygous BB, 156 214

B heterogenous 8 /B thalassemia 28 14

Thalassemia carrier 8 17

HPFH heterozygous 1 3

Total 586 727
DISCUSSION

Haemoglobinopathies are autosomal recessive genetic disorders caused by abnormal synthesis of the globin chain of
haemoglobin. It is known to be distributed to certain tribes, religions, and geographical areas. However, this trend of
distribution of haemoglobinopathies has been evolving gradually, dispersed over places, possibly due to migration of
people and interracial marriages (5). HbE is prevalent in Southeast Asia (7). In India, HbE is prevalent in the north-eastern
states (8,9), mainly in West Bengal, Assam, Nagaland, Manipur, Tripura, and Meghalaya, with an average allele frequency
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of 10.9% (10). The present study also conforms with HbE as the most common Hb variant among the study groups. This
result is consistent with studies conducted in other north-eastern states (11,12). The diagnosis of haemoglobinopathy,
including thalassaemia, can be made on clinical suspicion or from follow-up of an abnormality detected during screening.
In this study, B thalassemia trait was the second most common abnormal haemoglobin variant found in the np (1.99%).
India has nearly 30 million carriers of B thalassemia (13,14) with varying distribution rates. Southern India has a 1-3%
carrier rate, compared with 3-15% in Northern India (15,16). A high incidence of § thalassemia and abnormal HbE in the
general population of Eastern India, including the heterogeneous population of West Bengal, has been reported (17). The
high prevalence of HbE and [ thalassemia trait among the diversified ethnic population of Manipur reflects the paramount
importance of screening of haemoglobin variants for carrier detection to reduce the burden of haemoglobinopathies in this
region and India as a whole; HPFH is an infrequent, asymptomatic inherited haemoglobin variant where there is persistence
of HbF into adult life (18). Based on the distribution pattern, it can be either pan-cellular/homocellular or heterocellular.
The level of HbF can range from 1040 % in pancellular HPFH, whereas only a decent elevation in HbF levels is observed
in heterocellular HPFH. Variable increase in HbF may be associated with drugs, chromosomal disorders,
hemoglobinopathies, and malignancies. Elevated levels of HbF production are known to be associated with drugs like
hydroxyurea and thalidomide analog, Pomalidomide. Chromosomal disorder like trisomy 13 is associated with the delayed
switch of HbF to HbA and persistently elevated HbF levels (19,20).

CONCLUSION

A plethora of abnormal haemoglobin variants exists among the ethnic population of Manipur. A simple electrophoresis test
in an EDTA sample easily detects the abnormal variant of haemoglobin in seemingly healthy subjects. This observation is
especially important considering the high prevalence of beta-thalassemia trait in the Indian subcontinent. Prompt detection
of traits prevents the inheritance of thalassemia major in progeny. Recognition and detection of other abnormal Hb variants
becomes significant due to complex interactions in cases with double heterozygous and homozygous states, which may
result in severe inadvertent haematological abnormalities.

Acknowledgement: Officials of DBT, New Delhi; patients and technicians

DECLARATION

Conflicts of interests: The authors declare no conflicts of interest.
Author contribution: All authors have contributed in the manuscript.
Author funding: Nill

REFERENCES

1. Sinha, S., Seth, T., Colah, R. B., & Bittles, A. H. (2020). Haemoglobinopathies in India: estimates of blood
requirements and treatment costs for the decade 2017-2026. Journal of community genetics, 11(1), 39-45.

2. Regional desk review of haemoglobinopathies with an emphasis on thalassaemia and accessibility and availability of

safe blood and blood products as per these patients’ requirement in South-East Asia under universal health coverage.

New Delhi:

World Health Organization, Regional Office for South-East Asia. (2021).

World Health Organization. (2024). Sickle-cell disease. https://www.afro.who.int/health-topics/sickle-cell-disease

4. Mohanty, D., Colah, R. B., Gorakshakar, A. C., Patel, R. Z., Master, D. C., Mahanta, J., Sharma, S. K., Chaudhari, U.,
Ghosh, M., Das, S., Britt, R. P., Singh, S., Ross, C., Jagannathan, L., Kaul, R., Shukla, D. K., & Muthuswamy, V.
(2013). Prevalence of B-thalassemia and other haemoglobinopathies in six cities in India: a multicentre study. Journal
of community genetics, 4(1), 33—-42. https://doi.org/10.1007/s12687-012-0114-0

5. Sharma,H.D., Devi, K.B., Kumar,P., Singh, K.B., J., D.P., & Boini, R. (2020). Pattern of hemoglobinopathies and
thalassemia in Manipur, India. International Journal of Advances in Medicine, 7(3), 474-477.

6. Sumedha, D., & Anita, K. (2023). Prevalence of beta-thalassemia carriers in India: A systematic review and meta-
analysis. Journal of Community Genetics, 14(6), 527-541.

7. Balgir R. S. (1996). Genetic epidemiology of the three predominant abnormal hemoglobins in India. The Journal of
the Association of Physicians of India, 44(1), 25-28.

8. Tyagi, S., Pati, H. P., Choudhry, V. P., & Saxena, R. (2004). Clinico-haematological profile of HbE syndrome in adults
and children. Hematology (Amsterdam, Netherlands), 9(1), 57-60. https://doi.org/10.1080/10245330310001638983.

9. Goswami, B. K., Pramanik, R., Chakrabarty, S., Pal, P. P., Banerjee, S., & Bandyopadhyay, A. (2014). Spectrum of
hemoglobin variants in the population of northern region of west bengal: an ethnogenetic proposition. Journal of family
medicine and primary care, 3(3), 219-223. https://doi.org/10.4103/2249-4863.141614

10. Deka R. (1981). Fertility and haemoglobin genotypes: a population study in Upper Assam (India). Human
genetics, 59(2), 172-174. https://doi.org/10.1007/BF00293071

11. De, M., Halder, A., Podder, S., Sen, R., Chakrabarty, S., Sengupta, B., Chakraborty, T., Das, U., & Talukder, G.
(2006). Anemia and hemoglobinopathies in tribal population of Eastern and North-eastern India. Hematology
(Amsterdam, Netherlands), 11(5), 371-373. https://doi.org/10.1080/10245330600840180

w

Dr. Ratan Konjengbam et al. Study of prevalence of haemoglobin subtypes/variants in the ethnic population of 2499
Manipur. Int. J Med. Pharm. Res., 7 (1): 2497-2500, 2026


https://doi.org/10.1080/10245330310001638983
https://doi.org/10.1007/BF00293071
https://doi.org/10.1080/10245330600840180

12. Krishnamurti L. (2000). Few reports of hemoglobin E/beta-thalassemia in Northeast India: underdiagnosis or complete
exclusion of beta-thalassemia by hemoglobin E. Journal of pediatric hematology/oncology, 22(6), 558-563.
https://doi.org/10.1097/00043426-200011000-00023

13. Choudhury, V.P., Kotwal, J., & Saxena, R. (1998). Thalassaemia screening and control programme. Paediatrics
Today, 1, 283-286.

14. Verma, I. C., Saxena, R., Thomas, E., & Jain, P. K. (1997). Regional distribution of beta-thalassemia mutations in
India. Human genetics, 100(1), 109-113. https://doi.org/10.1007/s004390050475

15. Manglani, M., Lokeshwar, M. R., Vani, V. G., Bhatia, N., & Mhaskar, V. (1997). 'NESTROFT'- An effective screening
test for beta thalassemia trait. Indian pediatrics, 34(8), 702—707.

16. Grow, K., Abrol, P., Vashist, M., Yadav, R., & Sharma, S (2013). Associated Complications in Beta Thalassemia
Patients. Journal of Pharmacy, 3(1), 22-25.

17. Mondal, S. K., & Mandal, S. (2016). Prevalence of thalassemia and hemoglobinopathy in eastern India: A 10-year
high-performance liquid chromatography study of 119,336 cases. Asian journal of transfusion science, 10(1), 105—
110. https://doi.org/10.4103/0973-6247.175424

18. Patel, S., Dehury, S., Purohit, P., Meher, S., & Das, K. (2015). Inheritance of Hereditary Persistence of Fetal
Haemoglobin (HPFH) in a Family of Western Odisha, India. Journal of clinical and diagnostic research: JCDR, 9(9),
OD09-0D10. https://doi.org/10.7860/JCDR/2015/12878.6548

19. Pinkerton, P. H., & Cohen, M. M. (1967). Persistence of hemoglobin F in D/D translocation with trisomy 13-15
(D1). JAMA, 200(7), 647-649.

20. Sankaran, V. G., & Sapp, M. V. (2012). Persistence of fetal hemoglobin expression in an older child with trisomy
13. The Journal of pediatrics, 160(2), 352. https://doi.org/10.1016/j.jpeds.2011.07.036

Dr. Ratan Konjengbam et al. Study of prevalence of haemoglobin subtypes/variants in the ethnic population of 2500

Manipur. Int. J Med. Pharm. Res., 7 (1): 2497-2500, 2026


https://doi.org/10.1097/00043426-200011000-00023
https://doi.org/10.1007/s004390050475
https://doi.org/10.4103/0973-6247.175424
https://doi.org/10.7860/JCDR/2015/12878.6548

