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Abstract: 

Glucose-6-Phosphate Dehydrogenase (G6PD) functions as a catalyst in the pentose 

phosphate pathway, converting glucose-6-phosphate into 6-phosphogluconate and 

reducing NADP+ to NADPH. In malaria endemic areas, this X-linked enzyme deficiency is 

common. G6PD deficiency renders the cell susceptible to oxidative damage. This deficiency 

is generally asymptomatic; however, it poses a life-threatening condition when exposed to 

oxidative triggers including antimarial drug, Primaquine. People with G6PD deficiency 

have a considerable selective benefit against severe malaria. According to a World Health 

Organization (WHO) report, 7.5% of world population constitute as G6PD deficiency 

carriers and 2.9% as deficient. G6PD deficiency affects 0–10% of the population in India, 

with tribal people having a higher frequency than other populations.  

There have been very few studies conducted on this disorder in the Northeastern part of the 

country. Northeast India houses adiverse ethnic communities of Mongoloid, Proto-

Australoid and Aryan stock. Thus, the present study was designed to understand the G6PD 

status among one of the North-east India’s tribal populations, the Proto-Australoids (tea 

tribe) from malaria endemic Himalayan zone of Indo-Bhutan trans-border districts of 

Assam. We used the STANDARD G6PD Analyzer (SD-Biosensor) to conduct G6PD 

screening programs randomly on 1750 individuals. We found 6.74% of the total study 
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population as deficient; all were asymptomatic. Our results were in concurrent to India's 

overall prevalence of G6PD deficiency. Thus, considering the overall prevalence from this 

study, we may conclude that G6PD status should be investigated prior to anti-malarial 

treatment. 

Keywords:  
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14.1 Introduction: 

Pentose phosphate pathway serves as the only source of nicotinamide adenine dinucleotide 

phosphate (NADPH), required for the maintenance of reduced glutathione (GSH), which 

provides protection to red blood cells (RBCs) against oxidative damage.  

Glucose-6-Phosphate Dehydrogenase (G6PD) enzyme catalyzes the first and the rate-

limiting step of this pathway, in which glucose-6-phosphate is converted to 6-

phosphogluconate, resulting in reduction of NADP+ to NADPH. Deficiency of G6PD 

enzyme renders the cell susceptible to oxidative damage. This X-linked enzyme disorder is 

estimated to affect over 400 million people globally (Nkhoma et al., 2009). Subsequently 

after its discovery in the 1950s, G6PD deficiency is now the most frequent human 

enzymopathy. This deficiency poses a life-threatening condition when exposed to oxidative 

stress (Efferth et al., 2005). G6PD deficient individuals and heterozygous female carriers 

have a considerable selective benefit against severe malaria (Goheen et al., 2017). 

The X-chromosome’s long arm is the location of the g6pd gene which has 13 exons and 12 

introns, covering more than 18.5kb of the genomic region (Rattazi, 1968). G6PD is 

functionally active only in their dimer or tetramer form, subject to conditions such as pH of 

the cellular environment (Cohen & Rosenmeyer, 1969). Each G6PD monomer is made up 

of 515 amino acids that form two domains, a catalytic dinucleotide-binding domain for 

NADP+/NADPH and a β+α domain serving as a further binding site for structural NADP+. 

This additional NADP+ binding site is responsible for structural stabilization of the enzyme 

(Kotaka et al., 2005).  

The substrate binding site for Glucose-6-phosphate (G6P) is placed in between these two 

domains. Mutations occurring in these functional regions of the enzyme disrupt the activity 

and stability of the enzyme (Cunningham et al., 2017), resulting in severe or mild deficiency 

i.e., classes I to III as per World Health Organization (WHO).  

Geographically, the worldwide prevalence of G6PD enzymopathy is correlated with areas 

where populations have a history of being exposed to endemic malaria. With regards to 

ethnicity, G6PD deficiency is more common in people of African, Mediterranean, or Asian 

descent, likely owing to its suggested protective effect against malaria. According to a WHO 

report, 7.5% of world population constitutes as G6PD deficiency carriers and 2.9% as 

deficient (WHO, 1989).  
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India has a population varying greatly with regards to castes, ethnicity and linguistic groups. 

Also, geographically and environmentally India has a great variation, which contributes to 

population diversity. In India, investigations on G6PD enzymopathy have been started after 

it was firstly reported by Baxi et al. in 1961.  

Since then, various studies on the prevalence of G6PD deficiency in different groups of 

population of mainland India have been conducted. In India, the prevalence of G6PD 

deficiency varies from 0-10% among different population groups (Tripathy & Reddy, 

2007). India being a malaria endemic country, the treatment course requires primaquine 

drugs which are generally conducted without routine G6PD screening. This makes patients 

vulnerable to prescription of potentially hemolytic drugs, especially putting G6PD deficient 

individuals at risk of serious complications.  

The Northeastern region of India is highly endemic to malaria, contributing a very high 

proportion of malaria cases of India annually (Dev & Manguin, 2021). This region is 

occupied by diverse ethnic communities of Mongoloid, Proto-Australoid and Aryan stock, 

and a limited number of studies are available on this disorder.  

An overall deficiency of 5.4% was observed from malaria-endemic regions of Northeast 

India (Bharti et al., 2020). Another hospital-based study from Northeast India has observed 

33.75% of Plasmodium vivax malaria patients had G6PD deficiency (Rajkhowa et al., 

2020). Thus, the present study was aimed to explore the status of G6PD among one of the 

tribal populations of Northeast India, the Proto-Australoids popularly called as “tea tribe” 

from the malaria-endemic Indo-Bhutan border areas of Assam. 

14.2 Materials and Method: 

The Institutional Ethics Committee, Bodoland University, Kokrajhar, Assam has granted 

the ethical approval for the study vide Ref. No: -IEC/BU/ICMR/2019-2 of dated 

10/05/2019. We conducted screening programmes for G6PD status randomly among the 

tea-tribe population of four districts of Bodoland Territorial Region (BTR), Assam forming 

the Indo-Bhutan border region.  

The STANDARD G6PD Analyzer (SD Biosensors) was used for detection of the G6PD 

status. Briefly, the process involves mixing of 10µl of whole blood to the extraction buffer; 

then, 10µl of the mixture was collected and applied to the test device. The device measures 

hemoglobin (Hb) level in g/dL and G6PD levels in U/g of Hb. Statistical analysis of the 

data was done by SPSS 26.0. 

14.3 Results:  

A total of 6.74% of the participants were detected as G6PD deficient out of 1750 individuals 

that were screened with the STANDARD G6PD Analyzer. All the deficient individuals 

were asymptomatic. Among the deficient people, 41.5% (49) were found to be severely 

deficient while 58.5% (69) were found as intermediate (Figure 14.1). 
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Figure 14.1: Status of G6PD among the participants. 

14.4 Discussion: 

According to latest studies, G6PD deficiency is prevalent in 8.5% of India’s population 

(Kumar et al., 2016). Limited studies on G6PD deficiency have been conducted from North-

Eastern states of India. According to a recent study, the prevalence of people with G6PD 

deficiency in the region was 5.4% (Bharti et al., 2020). Two different studies from Odisha 

reported that the prevalence of deficiency varied from 0.3 to 30.7% (Balgir, 2010; 

Mukherjee et al., 2015). Several reports on G6PD deficiency have been published in various 

caste groups/tribes across India as a whole. These include the Parsee, Muslim, Brahmin, Jat, 

Rajputs, Vataliya Prajapati, Nagas, Kharia, Bhuyan, Danguria Tharu, Kabui and so on. The 

scheduled tribes have a greater rate of G6PD deficiency than other ethnic groups, ranging 

from 0 to 10% among the entire Indian population (Tripathy & Reddy, 2007).  

Geographically speaking, the prevalence of the G6PD deficient allele is relatively higher in 

the North and West Indian zones compared to the South Indian zones, with the exception of 

the states of Andhra Pradesh and Tamil Nadu (Rai & Kumar, 2012). While the majority of 

the population has a prevalence of 0–10% G6PD deficiency, there may be higher frequency 

in some communities. The Vataliya Prajapati population from Western part of India showed 

a prevalence of 27.5% (Gupte et al., 2005) and 27.1% among Angami Nagas of Northeast 

India (Seth & Seth, 1971). In the present study, the Proto-Australoid population's G6PD 

deficiency was found to be 6.74%, which corresponds to the reported range in Indian 

population groups. Since limited studies are available from the Northeastern region of India, 

and the region being malaria endemic, there is absolute necessity to explore the G6PD status 

prior to anti-malarial treatment. 
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Populations having their origin from tropical and subtropical regions of the world were the 

ones most likely to have G6PD deficiency. Geographically, the condition is distributed 

similarly to falciparum malaria, suggesting that the malaria parasite played a role in the 

selection of the G6PD deficiency (Bhasin, 2006).  

It has been determined that this deficiency extends from the Mediterranean region to 

Southwest Asia, India, and Southeast Asia. There are several areas in Asia and the Middle 

East where the frequency of the deficiency is as high as 62% in Kurdish Jews and 31% in 

Northern Vietnam, according to several epidemiological studies (Steensma et al., 2001; 

Verle et al., 2000). The prevalence of the deficiency varies globally among different ethnic 

groups. In Greece, the deficiency varies between 20 to 30%, Saudi Arabia has a 6% 

deficiency, and South China has a 5.5% deficiency (Gandapur et al., 2002). In Africa, 

Southwest Nigeria (28.1%), Congo (22.5% in Brazzaville), Mali (15.7% in Bamako), 

Uganda (13.0%) and Gabon (9.0–15.5%) are the countries with the highest documented 

rates of G6PD deficiency (May et al., 2000; Bouangaet al., 1998; Duflo et al., 1979; Davis 

et al., 2006; Migot-Nabiaset al., 2000).  

In Asian countries, numerous reports are available on this enzymopathy from Indonesia, 

Thailand, Malaysia, Taiwan, Bangladesh, Pakistan, China and Myanmar. The frequency of 

G6PD deficiency varies widely across Southeast Asia, depending on geography and 

ethnicity.  

For instance, in Myanmar, the incidence of the deficiency is nonexistent in the Akha while 

living close to the Shan, which has the highest prevalence (10.8%) and being present in the 

Burma (7.3%) (Iwai et al., 2001). Syria (30%) and Saudi Arabia (39.8%) in the 

Mediterranean region and Southwest Asia, respectively, have the greatest rates of G6PD 

deficiency (Usanga & Ameen, 2000; Alabdulaali et al., 2010), while China (5.5%), 

Bangladesh (3.33-20%), Myanmar (10.8%), and Vietnam (2.3%) in Southeast Asia have 

lower rates (Chan & Todd, 1972; Akhter et al., 2009; Matsuoka et al., 2007). 

14.5 Conclusion: 

In malaria endemic regions like Northeast India, the key to effective care and control is 

early detection of G6PD deficiency and its prevention. Through preventative genetics, the 

affected people and their families can benefit from genetic counseling, prenatal diagnosis, 

and public awareness. Given that the disorder is generally asymptomatic, it is emphasized 

that additional research is necessary to assess the clinical and prognostic aspects of the 

G6PD enzyme deficiency among other populations in this area as well. This will provide 

some clear insights into this genetic health issue. In areas where malaria is prevalent, the 

availability of population-specific data may aid in the early detection of the enzymopathy 

and prevent upcoming hemolytic crises. 

Limitation: 

The current investigation was carried out among the tea tribes of BTR, Assam. Other 

communities in the region were excluded from the study. Thus, the result does not represent 

the G6PD deficiency prevalence of the region taken as a whole. 



Burden of Glucose-6-Phosphate Dehydrogenase Deficiency- A Lesser-Known Asymptomatic Genetic...  

167 

 

14.6 Acknowledgement: 

The authors would like to thank the Lady Tata Memorial Trust, Mumbai, India for 

sponsoring Miss Noymi Basumatary with a Senior Research Scholarship from August, 2020 

to July, 2023. 

Conflict of interest: The authors of this work declare that they have no financial or other 

conflicts of interest. 

14.6 References:  

1. Akhter, N., Begum, N., & Khan, W.A. (2009). Glucose-6-phosphate dehydrogenase 

(G6PD) status in neonatal jaundice and its relationship with severity of 

hyperbilirubinemia. Journal of Bangladesh Society of Physiologist, 4, 71–76. 

2. Alabdulaali, M.K., Alayed, K.M., Alshaikh, A.F., &Almashhadani, S.A. (2010). 

Prevalence of Glucose-6-phosphate dehydrogenase deficiency and sickle cell trait 

among blood donors in Riyadh. Asian Journal of Transfusion Science, 4, 31–33. 

3. Balgir, R.S. (2010). Genetic diversity of Hemoglobinopathies, G6PD deficiency, and 

ABO and Rhesus blood groups in two isolates of a primitive Kharia Tribe in Sundargarh 

District of Northwestern Orissa, India. Journal of Community Genetics, 1, 117-123. 

4. Baxi, A.J., Balakrishnan, V., Undevia, J. V., &Sanghvi, L.D. (1963). Glucose-6-

phosphate dehydrogenase deficiency in the Parsee community, Bombay. Indian Journal 

of Medical Sciences, 17, 493-500. 

5. Bharti, R.S., Vashisht, K., Ahmed, N., Nayak, A., Pande, V., &Mishra, N. (2020). First 

report of Glucose-6-phosphate dehydrogenase (G6PD) variants (Mahidol and Acores) 

from malaria-endemic regions of Northeast India and their functional evaluations in-

silico. Acta Tropica, 202, 105252.  

6. Bhasin, M.K. (2006). Genetics of castes and tribes of India: Glucose-6-phosphate 

dehydrogenase deficiency and abnormal haemoglobins (HbS and HbE). International 

Journal of Human Genetics, 6, 49–72. 

7. Bouanga, J.C., Mouele, R., Prehu, C., Wajcman, H., Feingold, J., &Galacteros, F. 

(1998). Glucose-6-phosphate dehydrogenase deficiency and homozygous sickle cell 

disease in Congo. Human Heredity, 48, 192–197. 

8. Chan, T.K., & Todd, D. (1972). Characteristics and distribution of Glucose-6-phosphate 

dehydrogenase deficient variants in South China. American Journal of Human 

Genetics, 24, 475–484. 

9. Cohen, P., & Rosemeyer, M.A. (1969). Subunit interactions of Glucose-6-phosphate 

dehydrogenase from human erythrocytes. European Journal of Biochemistry, 8, 8–15. 

10. Cunningham, A.D., Colavin, A., Huang, K.C., &Mochly-Rosen, D. (2017). Coupling 

between protein stability and catalytic activity determines pathogenicity of G6PD 

variants. Cell Reports, 18, 2592–2599. 

11. Davis, J.C., Clark, T.D., Kemble, S.K., Talemwa, N.,  Njama-Meya, D., 

Staedke S.G., &Dorsey, G. (2006). Longitudinal study of urban malaria in a cohort of 

Ugandan children: description of study site, census and recruitment. Malaria Journal, 

5, 18. 

12. Dev, V., & Manguin, S. (2021). Defeating malaria in the North-East region: the 

forerunner for malaria elimination in India. Acta Tropica, 222, 106040. 

https://pubmed.ncbi.nlm.nih.gov/?term=BAXI+AJ&cauthor_id=13967052
https://pubmed.ncbi.nlm.nih.gov/?term=BALAKRISHNAN+V&cauthor_id=13967052
https://pubmed.ncbi.nlm.nih.gov/?term=UNDEVIA+JV&cauthor_id=13967052
https://pubmed.ncbi.nlm.nih.gov/?term=SANGHVI+LD&cauthor_id=13967052
https://pubmed.ncbi.nlm.nih.gov/?term=Bharti+RS&cauthor_id=31678235
https://pubmed.ncbi.nlm.nih.gov/?term=Vashisht+K&cauthor_id=31678235
https://pubmed.ncbi.nlm.nih.gov/?term=Ahmed+N&cauthor_id=31678235
https://pubmed.ncbi.nlm.nih.gov/?term=Nayak+A&cauthor_id=31678235
https://pubmed.ncbi.nlm.nih.gov/?term=Pande+V&cauthor_id=31678235
https://pubmed.ncbi.nlm.nih.gov/?term=Mishra+N&cauthor_id=31678235
https://malariajournal.biomedcentral.com/articles/10.1186/1475-2875-5-18#auth-Nalugwa-Talemwa
https://malariajournal.biomedcentral.com/articles/10.1186/1475-2875-5-18#auth-Denise-Njama_Meya
https://malariajournal.biomedcentral.com/articles/10.1186/1475-2875-5-18#auth-Sarah_G-Staedke
https://malariajournal.biomedcentral.com/articles/10.1186/1475-2875-5-18#auth-Grant-Dorsey


Science and Technology for Sustainable Future 

168 

 

13. Duflo, B., Diallo, A., Toure, K., & Soula, G. (1979). Glucose-6-phosphate 

dehydrogenase deficiency in Mali. Epidemiology and pathological role. Bulletin de la 

Societe de PathologieExotique et de sesFiliales, 72, 258–264. 

14. Efferth, T., Schwarzl, S.M., Smith, J., &Osieka, R. (2005). Role of Glucose-6-

phosphate dehydrogenase for oxidative stress and apoptosis. Cell Death and 

Differentiation, 13, 527-528. 

15. Gandapur, S., Qureshi, F., Mustafa, G., Baksh, S., Ramzan, M., & Khan, M.A. (2002). 

Frequency of Glucose-6-phosphate dehydrogenase deficiency and related hemolytic 

anemia in Riyadh, Saudi Arabia. Journal of Ayub Medical College, 14, 24–26. 

16. Goheen, M.M., Campino, S., & Cerami, C. (2017). The role of the red blood cell in host 

defence against falciparum malaria: an expanding repertoire of evolutionary alterations. 

British Journal of Haematology, 179, 543–556. 

17. Gupte, S.C., Shaw, A.N., & Shah, K.C. (2005). Hematological findings and severity of 

G6PD deficiency in Vataliya Prajapati subjects. Journal of Association of Physicians of 

India, 53, 1027–1030. 

18. Iwai, K., Hirono, A., Matsuoka, H., Horie, T., Lin, K., Tantular, I.S., Dachlan, 

Y.P., Notopuro, H., Hidayah, N.I., Salim, A.M., Fujii, H., Miwa, & S., Ishii, A. (2001). 

Distribution of Glucose-6-phosphate dehydrogenase mutations in Southeast Asia. 

Human Genetics, 108, 445–449. 

19. Kotaka, M., Gover, S., Vandeputte-Rutten, L.,  Au, S.W.N.,  Lam, V.M.S., & Adams, 

M.J. (2005). Structural studies of Glucose-6-phosphate and NADP+ binding to human 

Glucose-6-phosphate dehydrogenase. Acta Crystallographica Section D Biological 

Crystallography, 61, 495–504. 

20. Kumar, P., Yadav, U., &Rai, V. (2016). Prevalence of Glucose-6-phosphate 

dehydrogenase deficiency in India: An updated meta-analysis. Egyptian Journal of 

Medical Human Genetics, 17, 295-302. 

21. Matsuoka, H., Thuan, D.T.V.,Thien, H.V., Kanbe, T., Jalloh, A., Hirai, M., Arai, 

M., Dung, N.T., & Kawamoto, F. (2007). Seven different Glucose-6-phosphate 

dehydrogenase variants including a new variant distributed in Lam Dong Province in 

southern Vietnam. Acta Medica Okayama, 61, 213–219. 

22. May, J., Meyer, C.G., Grobterlinden, L., Ademowo, O.G.,Mockenhaupt, 

F.P., Olumese, P.E., Falusi, A.G., Luzzatto, L., &Bienzle, U. (2000). Red cell Glucose-

6-phosphate dehydrogenase status and Pyruvate kinase activity in a Nigerian 

population. Tropical Medicine and International Health, 5, 119–123. 

23. Migot-Nabias, F., Mombo, L.E., Luty, A.J.F., Dubois, B., Nabias, R., Bisseye, 

C., Millet, P., Lu, C.Y., &Deloron, P. (2000). Human genetic factors related to 

susceptibility to mild malaria in Gabon. Genes and Immunity, 1, 435–441. 

24. Mukherjee, M.B., Colah, R.B., Martin, S., & Ghosh, K. (2015). Glucose-6-phosphate 

dehydrogenase (G6PD) deficiency among tribal populations of India - Country 

scenario. Indian Journal of Medical Research, 141, 516–520. 

25. Nkhoma, E.T., Poole, C., Vannappagari, V., Hall, S.A., & Beutler, E. (2009). The global 

prevalence of Glucose-6-phosphate dehydrogenase deficiency: A systematic review 

and meta-analysis. Blood Cells Molecules and Diseases, 42, 267-278. 

26. Rai, V., & Kumar, P. (2012). Epidemiological Study of Glucose-6-phosphate 

Dehydrogenase Deficiency in Scheduled Caste Population of India. Journal of 

Anthropology, 2012, 984180. 

27. Rajkhowa, P., Nath, C., Dutta,A., Misurya, I., Sharma, N., Barman, B., Longkumer, 

C., Lynrah, K.G., Sarmah, D., &Ruram, A. (2020). Study of Glucose-6-Phosphate 

https://pubmed.ncbi.nlm.nih.gov/?term=Horie+T&cauthor_id=11499668
https://pubmed.ncbi.nlm.nih.gov/?term=Lin+K&cauthor_id=11499668
https://pubmed.ncbi.nlm.nih.gov/?term=Tantular+IS&cauthor_id=11499668
https://pubmed.ncbi.nlm.nih.gov/?term=Dachlan+YP&cauthor_id=11499668
https://pubmed.ncbi.nlm.nih.gov/?term=Notopuro+H&cauthor_id=11499668
https://pubmed.ncbi.nlm.nih.gov/?term=Hidayah+NI&cauthor_id=11499668
https://pubmed.ncbi.nlm.nih.gov/?term=Salim+AM&cauthor_id=11499668
https://pubmed.ncbi.nlm.nih.gov/?term=Fujii+H&cauthor_id=11499668
https://pubmed.ncbi.nlm.nih.gov/?term=Miwa+S&cauthor_id=11499668
https://pubmed.ncbi.nlm.nih.gov/?term=Ishii+A&cauthor_id=11499668
https://pubmed.ncbi.nlm.nih.gov/?term=Kotaka+M&cauthor_id=15858258
https://pubmed.ncbi.nlm.nih.gov/?term=Gover+S&cauthor_id=15858258
https://pubmed.ncbi.nlm.nih.gov/?term=Vandeputte-Rutten+L&cauthor_id=15858258
https://pubmed.ncbi.nlm.nih.gov/?term=Au+SW&cauthor_id=15858258
https://pubmed.ncbi.nlm.nih.gov/?term=Lam+VM&cauthor_id=15858258
https://pubmed.ncbi.nlm.nih.gov/?term=Adams+MJ&cauthor_id=15858258
https://www.sciencedirect.com/journal/egyptian-journal-of-medical-human-genetics/vol/17/issue/3
https://pubmed.ncbi.nlm.nih.gov/?term=van+Thien+H&cauthor_id=17726510
https://pubmed.ncbi.nlm.nih.gov/?term=Kanbe+T&cauthor_id=17726510
https://pubmed.ncbi.nlm.nih.gov/?term=Jalloh+A&cauthor_id=17726510
https://pubmed.ncbi.nlm.nih.gov/?term=Hirai+M&cauthor_id=17726510
https://pubmed.ncbi.nlm.nih.gov/?term=Arai+M&cauthor_id=17726510
https://pubmed.ncbi.nlm.nih.gov/?term=Dung+NT&cauthor_id=17726510
https://pubmed.ncbi.nlm.nih.gov/?term=Kawamoto+F&cauthor_id=17726510
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Mockenhaupt%2C+Frank+P
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Olumese%2C+Peter+E
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Falusi%2C+Adeyinka+G
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Luzzatto%2C+Lucio
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Bienzle%2C+Ulrich
https://pubmed.ncbi.nlm.nih.gov/?term=Dubois+B&cauthor_id=11196674
https://pubmed.ncbi.nlm.nih.gov/?term=Nabias+R&cauthor_id=11196674
https://pubmed.ncbi.nlm.nih.gov/?term=Bisseye+C&cauthor_id=11196674
https://pubmed.ncbi.nlm.nih.gov/?term=Millet+P&cauthor_id=11196674
https://pubmed.ncbi.nlm.nih.gov/?term=Lu+CY&cauthor_id=11196674
https://pubmed.ncbi.nlm.nih.gov/?term=Deloron+P&cauthor_id=11196674
https://pubmed.ncbi.nlm.nih.gov/?term=Rajkhowa+P&cauthor_id=33214970
https://pubmed.ncbi.nlm.nih.gov/?term=Nath+C&cauthor_id=33214970
https://pubmed.ncbi.nlm.nih.gov/?term=Dutta+A&cauthor_id=33214970
https://pubmed.ncbi.nlm.nih.gov/?term=Misurya+I&cauthor_id=33214970
https://pubmed.ncbi.nlm.nih.gov/?term=Sharma+N&cauthor_id=33214970
https://pubmed.ncbi.nlm.nih.gov/?term=Barman+B&cauthor_id=33214970
https://pubmed.ncbi.nlm.nih.gov/?term=Longkumer+C&cauthor_id=33214970
https://pubmed.ncbi.nlm.nih.gov/?term=Lynrah+KG&cauthor_id=33214970
https://pubmed.ncbi.nlm.nih.gov/?term=Sarmah+D&cauthor_id=33214970
https://pubmed.ncbi.nlm.nih.gov/?term=Ruram+A&cauthor_id=33214970


Burden of Glucose-6-Phosphate Dehydrogenase Deficiency- A Lesser-Known Asymptomatic Genetic...  

169 

 

Dehydrogenase (G6PD) Deficiency and Genotype Polymorphism of G6PD B and 

G6PD (A+/A-) in Patients Treated for Plasmodium vivax Malaria in a Tertiary Care 

Hospital in North East India. Cureus, 12, e11463. 

28. Rattazzi, M.C. (1968). Glucose 6-phosphate dehydrogenase from human erythrocytes: 

Molecular weight determination by gel filtration. Biochemical and Biophysical 

Research Communications, 31, 16–24. 

29. Seth, P.K., & Seth, S. (1971). Biogenetical studies of Nagas: Glucose-6-phosphate 

dehydrogenase deficiency in Angami Nagas. Human Biology, 43, 557–561. 

30. Steensma, D.P., Hoyer, J.D., & Fairbanks, V.F. (2001). Hereditary red blood cell 

disorders in Middle Eastern patients. Mayo Clinic Proceedings, 76, 285–293. 

31. Tripathy, V., & Reddy, B.M. (2007). Present status of understanding on the G6PD 

deficiency and natural selection. Journal of Postgraduate Medicine, 53, 193-200. 

32. Usanga, E.A., & Ameen, R. (2000). Glucose-6-phosphate dehydrogenase deficiency in 

Kuwait, Syria, Egypt, Iran, Jordan and Lebanon. Human Heredity, 50, 158–161. 

33. Verle, P., Nhan, D.H., Tinh, T.T., Uyen, T.T., Thuong, N.D., Kongs, A., Van der 

Stuyft, P., &Coosemans, M. (2000). Glucose-6-phosphate dehydrogenase deficiency in 

Northern Vietnam. Tropical Medicine and International Health, 5, 203–206. 

34. WHO Working Group. (1989). Glucose-6-phosphate dehydrogenase deficiency. 

Bulletin of the World Health Organization, 67, 601-611 

 

  

https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Uyen%2C+T+T
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Thuong%2C+N+D
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Kongs%2C+A
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Stuyft%2C+P
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Stuyft%2C+P
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorRaw=Coosemans%2C+M

