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ARTICLE INFO                                         ABSTRACT 
 

 
 
 

Background: G6PD deficiency is an X-linked disorder which increases the susceptibility of RBCs to 
breakdown prematurely. It commonly presents with neonatal jaundice/acute haemolytic anaemia, and 
is usually triggered by an exogenous agent.  
Aims: 1) To evaluate prevalence of G6PD deficiency; 2) To establish an association between G6PD 
deficiency and RBC parameters.  
 

Materials and Methods: 498 subjects were chosen over two years. Complete blood count, peripheral 
blood smear and G6PD screening test were performed. Patients with a positive G6PD Screening test 
underwent the quantitative enzyme test to determine the absolute values of G6PD.  
 

Statistical analysis: The mean of every RBC parameter was calculated for the ‘G6PD deficient 
population’ and the ‘normal population’. ‘P’ values were calculated using t-test for comparing the 
means of RBC parameters between the two population; ‘p’ values were also calculated using chi-
square test to establish association between G6PD deficiency and RBC cytological parameters.  
 

Results: The prevalence of G6PD deficiency was found to be 2.4%; a statistically significant 
relationship was found between G6PD deficiency and Haemoglobin, PCV and RBC count; a 
statistically significant association was also obtained between G6PD deficiency and presence of 
poikilocytosis, target cells, and normoblast in peripheral blood smear.  
 

Conclusion: G6PD deficiency has low prevalence in southern part of West Bengal including Kolkata. 
Also, peripheral blood smear can be a useful and cheaper adjunctive tool in screening patients for 
G6PD deficiency, when the G6PD values are in the normal range. 

 
 

Copyright © 2017 Sandeep Saha., Raisa Ghosh and Krishnendu Mukherjee. This is an open access article distributed under the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 
 

 
 

 
INTRODUCTION 
 

Glucose-6-Phosphate dehydrogenase (G6PD) deficiency is the 
commonest RBC (Red blood cell) enzyme deficiency disorder 
of the Hexose monophosphate pathway in human beings.[1] It 
is responsible for two clinical syndromes, an episodic 
hemolytic anemia induced by infections, certain drugs, or, 
rarely, fava beans and a spontaneous chronic non-spherocytic 
hemolytic anemia.[2] This X-linked enzyme deficiency and 
affects about 400 million people worldwide.[3]     In India 
frequency of G6PD deficiency in males is around 7.0 - 9.9%.[4]  
Various tribes in West Bengal revealed a high prevalence of 
G6PD deficiency, like the Santals.[5] Prevalence of G6PD 
deficiency in Odisha ranged from 1.3 to 17.4 per cent.[5,6,7,8] In 
such areas, G6PD deficiency remains underdiagnosed due to 
deficiency of cost-effective testing facilities and public 
awareness.[5] However, still very few reports are available 
regarding prevalence of G6PD deficiency from the eastern 

parts of India, especially West Bengal and its suburbs. Also, 
with respect to malaria, West Bengal is among the high disease 
burden states in India.[9] Holding this as the context, unknown 
distribution of G6PD deficiency in West Bengal might result 
in increasing incidence in fatal reactions to oxidant anti- 
malarial drugs as well as death.    The current study helped to 
evaluate the prevalence G6PD deficiency in southern part of 
West Bengal, including Kolkata. The results of this study shall 
provide useful insight to medical care providers, government 
agencies and common men. It shall also lay emphasis on 
judicious use of oxidant drugs in Malaria and other infectious 
diseases and introduction of cost-effective screening facilities 
at grass-root levels. 
 

MATERIALS AND METHODS 
 

This observational study was done over a two year period (July 
2006 to June 2008) in Institute of post-graduate medical 
education and research in Kolkata. After obtaining Ethical 

Article History: 
 

Received 20th June, 2017 
Received in revised form 3rd  

July, 2017  
Accepted 19th August, 2017  
Published online 28th September, 2017 
 

Key words: 
 

Anaemia, Enzyme deficiency, 
Haemolysis, Screening test 

ISSN: 2395-6429 

http://www.journalcmpr.com
http://dx.doi.org/10.24327/23956429.ijcmpr20170231


International Journal Of Current Medical And Pharmaceutical Research, Vol. 3, Issue, 09, pp.2329-2332, September, 2017 
 

 2330

clearance certificate, total number 498 subjects were selected 
for this study using simple random sampling. All patients 
attending Department of Pathology were included in the study, 
irrespective of age and sex. Patients not willing to give consent 
were excluded. All cases were screened with a qualitative test 
to detect G6PD deficiency and then deficient cases were 
selected and their absolute G6PD values were determined by 
quantitative test. A prior informed consent was taken for every 
patient. First, blood of the patient was collected. Disposable 
bottle available from hospital source containing EDTA was 
used for collection of blood. Blood was collected (2.5ml) using 
strict aseptic precautions. The blood was mixed with 
anticoagulant (EDTA) in the vacutainer. The sample was then 
labelled & tests were performed. Each sample was run through 
a three-part haematology cell counter/analyser to determine 
complete blood count including various RBC parameters of 
each sample. Peripheral blood smears were also drawn at the 
same time, fixed and stained with Leishman stain. Next, G6PD 
deficiency screening test was performed by commercially 
available kit (HEMOPAK, Reckon Diagnostic Pvt. Ltd.). 
 

Procedure of G6PD screening test: 
 

Haemoglobin content (gm/dl) as determined before by the 
automated cell counter was noted. If the haemoglobin content 
was less than 15gm/dl, appropriate amount of blood was taken 
during red cell haemolysate preparation according to Table 1. 
 
 
 
 
 
 
 
 
 
G6PD lysing agent was first added to the sample of blood to 
prepare the haemolysate and kept in the refrigerator for 15 
minutes. Next, this haemolysate was added to the standard 
working reagent of the kit. The mixture was immediately 
covered with inert oil (G6PD 4) reagent. The samples were 
then capped and incubated at 37 degree Celsius. The colour 
changes were then observed after half an hour for 
decolourisation. The samples which showed incomplete 
decolourisation were observed for every 5 minutes thereafter 
until decolourisation was complete.  The interval time between 
observations were increased upto 4 to 8 hours in case the 
decolourisation took more than sixty minutes. In G6PD 
deficiency, the time for decolourization ranges from 2 hours to 
24 hours. 
 

Principle of G6PD screening test 
 

Glucose 6-Phosphate Dehydrogenase (G6PD) present in 
hemolysate acts on substrates,Glucose-6-Phosphate (G-6-P) 
and NADP, giving NADPH which in presence of PMS 
(Phenazine methosulfate) reduces the blue coloured 
indophenol dye (DCPIP) to a colourless form and leaving 
behind colour only due to hemolysate. The rate of reaction 
being proportional to enzyme activity (G-6-PD) present, time 
required for decolourization is inversely proportional to 
enzyme activity in the hemolysate. 
 

Interpretation of the test 
 

Normal level of G6PD:  Dye colour conversion time is 30 – 60 
minutes (colour changes from blue to brown).                     

G6PD deficiency: Dye colour conversion time is 2 – 24 hours 
(colour changes from blue to brown). 
 

Quantitative test of G6PD    
 

The quantitative test (UV- Kinetic Method) for G-6PD 
deficiency was performed by commercially available kit 
(ENZOPAK, Recon Diagnostic Pvt Ltd). There are three 
reagents (G6PDH-coenzyme substrate, G6PDH-buffer, 
G6PDH –Lysing reagent) in this kit. Fresh 
citrated/oxalated/heparinised blood was taken. The 
haemoglobin content and RBC count was determined prior to 
lysis of cells. NORMAL VALUES:  G6PDH Activity (at 30 
ºC) = 146 –376 U/1012 RBC or 4.6-13.5 U/g Hb 
 

Statistical analysis 
 

Two-tailed p values were determined using Chi-square test and 
Unpaired t-test using Graph pad QuickCalcs software 
(Accessed in June 2017). The significance threshold was set at 
0.05. 
 

RESULTS AND ANALYSIS 
 

In the present study out of total 498 subjects examined, 12 
were found to be G-6PD deficient (2.4 %). It was found that, 
total 204 samples decolorized within 30 minutes, 198 samples 
within 30-60 minutes, 70 samples within 60-90 minutes, 18 
samples within 90-120 minutes, one sample within 120-150 
minutes, three samples within 180-210 minutes, two samples 
within 210-240 minutes and six samples did not decolorize 
even after 240 minutes. Among the males, 164 samples 
decolorized within 30 minutes, 142 samples within 30-60 
minutes, 66 samples within 60-90 minutes, 18 samples within 
90-120 minutes, one sample within 120-150 minutes, three 
samples within 180-210 minutes, two samples within 210-240 
minutes and six samples did not decolorize even after 240 
minutes. Among the females, 40 samples decolorized within 
30 minutes, 56 samples within 30-60 minutes, and four 
samples within 60-90 minutes. 
 
G6PD enzyme activity was quantified for those samples with a 
positive screening test result.  Eight samples had values 
between 0-1.5 U/g Hb, four samples had values greater than 
1.5-3.0 U/g Hb. Among the males, eight samples recorded 
within 0-1.5 U/g Hb and three samples had values greater than 
1.5-3.0 U/g Hb. Among the females, only one sample recorded 
within 1.5-3.0 U/g Hb. Out of total 397 male subjects 11 were 
found to be deficient of the enzyme (2.77%). Out of 101 
females, only one was found to be deficient of the enzyme 
(0.99%).G6PD deficiency was present in almost all age groups 
[Table 2]. It was most prevalent in 0-9 years age group  
[Table 2]. 
 
 
 
 
 
 
 
 
 

The means of different RBC parameters like Haemoglobin, 
PCV (packed cell volume), MCV (Mean corpuscular volume), 
MCH (Mean corpuscular haemoglobin), MCHC (Mean 
corpuscular haemoglobin concentration), RBC count of the 
normal population and the G6PD deficient population were 

Table 1 Amount of blood taken during red cell 
haemolysate preparation 

 

Haemoglobin concentration  
(gm/dl)7.0-9.5 

Quantity of blood to be taken  
(ml)0.04 

9.6-11.5 0.03 
11.6-13.5 0.025 
13.6-15.0 

 
0.02 

 

 

Table 2 Age distribution of G6PD deficiency cases 
 

Age group 
(Yrs) 

Total No. Of cases 
examined 

No. Of G6PD 
deficiency cases Percentage 

0-9 145 08 5.52% 
10-19 100 01 1.0% 
20-29 99 00 0.00% 
30-39 71 01 1.4% 
40-49 52 02 3.84% 

50 and above 31 00 0.00% 
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calculated and p-values measured [Table 3]. The values of 
Haemoglobin, PCV, and RBC count were found to be 
statistically significantly reduced in the G6PD deficient group 
when compared to the Normal population group [Table 3]. 
 
 
 
 
 
 
 
 
 
 
 
 

Note: *Means significant at 95% confidence interval by 
unpaired t-test for two independent samples (Variance 
difference measured by Levene’s test); †Hb-Haemoglobin, 
‡RBC- Red blood cell, §PCV- Packed cell volume, ‖MCV- 
Mean corpuscular volume,¶ MCH- mean corpuscular 
haemoglobin, **MCHC-Mean corpuscular haemoglobin 
concentration  
 

RBC cytomorphological features were also studied.  A 
statistically significant association was obtained between 
certain features (like poikilocytosis, target cells, and 
normoblasts) and G6PD deficiency [Table 4].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Values of haemoglobin (in gm/dl) in G6PD deficiency cases 
were as follows: at 14 years 10.3, at one month 12.5, at six 
days 11.4, at 37 years 12.2, at 44 years 9.5, at 46 years 5, at 
three days 11.0, at five days 10.3, at one month 11.4, at six 
days 12.2, at four months 9.5, at one month 11.0. The mean 
value of Haemoglobin in the G6PD deficiency group was 
10.5gm/dl. 
 

All values of various RBC parameters were interpreted using a 
standard reference.[10] 

 

DISCUSSION 
 

G6PD gene is located on long arm of X-Chromosome 
(Xq28).[4] Affected males (hemizygotes) inherit the abnormal 
gene from their mothers who are usually carrier 
(heterozygote).[4] Heterozygotes have two populations of RBC: 
normal & deficient in G6PD.[4] Most female carriers have no 
symptoms.[2,4] Those who happen to have high proportion of 
deficient cells resemble the male hemizygotes.[2] The main aim 
of the present study was to determine the prevalence of G6PD 
deficiency in the patient population attending the department 
of Pathology (both inpatient and outpatient). In the present 
study, the prevalence of G6PD deficiency was found to be 
2.4%. Kumar et al performed a meta-analysis and found the 
overall frequency of G6PD deficiency in Indian population as 
8.5%.[11] Mukherjee et al recorded the overall prevalence of 
G6PD deficiency in the tribal populations of India as 7.7%.[12] 
In West Bengal, Santals from Midnapur district showed a high 
prevalence of G6PD deficiency.[12] In sub-saharan Africa the 
prevalence of G6PD deficiency may reach up to 35%.[13]  
 

Haemoglobin was statistically significantly reduced in the 
G6PD deficient population in the present study, the mean of 
which is 10.5gm/dl (p value is < 0.0001). In all G6PD 
deficiency cases hemoglobin (gm/dl) found according to age 
were as follows: at 14 years 10.3, at one month 12.5, at six 
days 11.4, at 37 years 12.2, at 44 years 9.5, at 46 years 5, at 
three days 11.0, at five days 10.3, at one month 11.4, at six 
days 12.2, at four months 9.5, at one month 11.0. Tsegaye et al 
also found Haemoglobin values to be statistically significantly 
reduced in the G6PD deficient patients than in the control 
group.[13] Al-Nood et al also reported a statistically significant 
reduction in Haemoglobin values in G6PD deficient 
population compared to that of the control group.[14]PCV or 
Haematocrit was statistically significantly reduced in the 
G6PD deficient group in the present study (Mean PCV in 
G6PD deficient group-35.1%, p value- 0.0007). Al-Nood et al 
and Tsegaye et al also reported similar results in their 
respective studies.[13,14] RBC count was also found to be 
statistically significantly reduced in the G6PD deficient 
population (Mean- 3.78million/cu.mm, p value- 0.0002). 
MCV, MCH and MCHC were not found to be statistically 
significantly reduced in the test group compared to the control 
group in this study. Reticulocyte count was found in the range 
of 1.5-2.0 in three cases, in range of 2.0-2.5 in nine cases of G-
6-PD deficient cases. No statistically significant association 
was established between reticulocyte count and G6PD 
deficiency. Al-Nood et al also reported statistically significant 
reduction in total RBC count and increase in reticulocyte count 
in the test group. [14] 

 

The present study also established a statistically significant 
association between certain RBC cytomorphological features 
(Poikilocytosis, Target cells and normoblasts) and G6PD 
deficiency. No Heinz bodies or Bite cells were observed 
during peripheral blood smear examination. Pengon et al 
found higher degree of poikilocytosis, anisocytosis, target cells 
in patients with co-inheritance of G6PD deficiency and 
Thalassaemia.[15] In the present study, thalassaemias and other 
haemoglobinopathies were, however, not excluded. However, 
in the absence of haemolysis the G6PD deficient cells appear 
absolutely normal.[16] Even haemolytic episodes doesn’t create 
striking morphological changes.[16] However, electron 

Table 3 Means of RBC indices in the study population 
 

parameter mean of total 
(sd) (n=498) 

mean of 
normal 

population 
(sd) (n=486) 

mean of g6pd 
deficient 

population 
(sd) (n=12) 

p- value 

†Hb (gm%) 12.14	(1.42) 12.18(1.38) 10.5 (2.00) <0.0001 
‡RBC 

(million/cumm) 4.47	(0.67) 4.49	(0.65) 3.78 (0.75) 0.0002* 

§PCV(%) 41.4	(6.51) 41.5	(6.34) 35.1 (9.79) 0.0007* 
‖MCV(fl) 92.9	(5.84) 92.9(5.67) 91.8 (11.01) 0.5196 

¶MCH(pg) 27.4	(2.14) 27.4	(2.13) 28.2 (2.36) 0.2004 
**MCHC(gm/dl) 29.5	(2.7) 29.5	(2.63) 30.1 (4.52) 0.4450 

 

Table 4 Association of different RBC parameters with 
G6PD deficiency 

 

Parameter Total (%) Normal (%) G6PD 
Deficient (%) P value 

Cytological 
parameters     

Anisocytosis     
Yes 38	(7.6) 37	(7.61) 1 (8.3) 0.926 
No 460	(92.4) 449	(92.39) 11 (91.7)  

Poikilocytosis     
Yes 38	(7.6) 26	(5.35) 12 (100) < 0.0001 
No 460	(92.4) 460	(94.65) 0 (0)  

Normoblast     

Yes 19	(3.81) 16	(3.29) 3 (33.33) 0.0018 
No 

 
Target Cells 

Yes 
No 

 
Sickle Cells 

Yes 
No 

 
Basophilic 
stippling 

Yes 
No 

 
Total 

479	(96.19) 
 

39 (7.83) 
459 (92.17) 

 
6 (1.2) 

492 (98.8) 
 

12 (2.41) 
486 (97.59) 

 
498 

 
 

470	(96.71) 
 

34 (6.99) 
452 (93.01) 

 
6 (1.23) 

480 (98.77) 
 

12 (2.47) 
474 (97.53) 

 
486 (97.6) 

9 (66.67) 
 

5 (41.67) 
7 (58.33) 

 
0 (0) 

12 (100) 
 

0 (0) 
12 (100) 

 
12 (2.4) 

 
0.0001 

 
 

0.6986 
 
 

0.5816 

 

Note: *p values calculated by Chi-square test with Yate’s correction wherever 
applicable 
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microscopy might detect subtle changes in the texture of the 
stroma of cells.[16] Oxidative stressors like a drug might lead to 
formation of Heinz bodies in RBCs just prior to haemolysis or 
during the early phases of haemolysis.[16] Characteristic ‘Bite 
cells’ may be observed but it is a non-specific finding and can 
be seen in G6PD normal drug induced haemolytic anaemias as 
well.[16] In very severe haemolytic anaemia, as the blood 
haemoglobin levels fall, reticulocytosis, polychromasia, 
spherocytosis and RBC fragmentation may be seen.[16] 
Platelets and WBCs show no consistent changes.[16] 

 

CONCLUSION 
 

Thus, the present study shows low prevalence of G6PD 
deficiency, in southern part of West Bengal and more so 
around Kolkata. However, much larger studies are required to 
draw a prevalence map of G6PD deficiency in the eastern part 
of India and estimates of the affected population. This will 
enable us to inform safe use of valuable, yet, dangerous 
oxidant drugs in Malaria and other infectious diseases. 
 

Limitations of the Study 
 

This study is a smaller study with only 498 subjects. Thus, the 
prevalence of G6PD may not corroborate with the actual 
prevalence of the population.  
 

References 
 

1. Mohanty D, Mukherjee MB, Colah RB. Glucose-6-
phosphate dehydrogenase deficiency in India. Indian J 
Pediatr. 2004 Jun; 71(6):525-9. 

2. Beutler E. Glucose-6-phosphate dehydrogenase 
deficiency: a historical perspective. Blood 2008; 
111:16-24. 

3. Frank JE. Diagnosis and Management of G6PD 
Deficiency. Am Fam Physician 2005; 72(7):1277-82. 

4. Gordon-Smith EC. Post Graduate Hematology. In: 
Hoffbrand AV, Catovsky D, Tuddenham EGD, editors. 
Disorders of red cell metabolism. 5th ed. USA: 
Blackwell Publishing Ltd; 2005.pp.133-150. 

5. Mukherjee MB, Colah RB, Martin S, Ghosh K. 
Glucose-6-phosphate dehydrogenase (G6PD) deficiency 
among tribal populations of India - Country scenario. 
Indian J Med Res 2015; 141(5): 516-20. 

6. Report of the ICMR Multicentric Task Force on 
Intervention programme for nutritional anemia and 
haemoglobinopathies amongst some primitive tribal 
populations of India. New Delhi: Indian Council of 
Medical Research; 2010. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7. Balgir RS. Community expansion and gene geography 
of sickle cell trait and G6PD deficiency, and natural 
selection against malaria: experience from tribal land of 
India. Cardiovasc Hematol Agents Med chem 2012; 10: 
3-13. 

8. Chhotray GP, Ranjit MR. Prevalence of G-6-PD 
deficiency in a malarial endemic tribal area of Orissa 
(India). Indian J Med Res 1990; 92: 443-6. 

9. Nvbdcp.gov.in. NVBDCP Annual report 2014-15 (pdf); 
2014 (updated Dec11,2014). Available from 
nvbdcp.gov.in/Doc/Annual-report-NVBDCP-2014-
15.pdf 

10. Wintrobes Clinical Haematology. In: Greer JP, Foerster 
J, Lukens JN, Rodgers GM, Paraskevas F, editors. 
Anaemia: General considerations. 11th ed.:Lippincott 
Williams and Wilkins; 2003 

11. Kumar P, Yadav U, Rai V. Prevalence of glucose-6-
phosphate dehydrogenase deficiency in India: An 
updated meta-analysis. Egyptian Journal of Medical 
Human Genetics 2016; 17(3): 295-302. 

12. Mukherjee MB, Colah RB, Martin S, Ghosh K. 
Glucose-6-phosphate dehydrogenase (G6PD) deficiency 
among tribal populations of India - Country scenario. 
Indian J Med Res 2015; 141(5): 516–20. 

13. Tsegaye A, Golassa L, Mamo H, Erko B. Glucose-6-
phosphate dehydrogenase deficiency among malaria 
suspects attending Gambella hospital, southwest 
Ethiopia. Malar J 2014; 13: 438. 

14. Al-Nood HA, Bazara FA, Al-Absi R, AL Habori M. 
Glucose-6-Phosphate Dehydrogenase Deficiency 
among Male Blood Donors in Sana’a City, Yemen. 
Oman Med J 2012; 27(1): 46-9. 

15. Jutharat Pengon, Saovaros Svasti, Sumalee 
Kamchonwongpaisan, Phantip Vattanaviboon. 
Hematological parameters and red blood cell 
morphological abnormality of Glucose-6-Phosphate 
dehydrogenase deficiency co-inherited with 
thalassemia. Hematol Oncol Stem Cell Ther 2017; 
https://doi.org/10.1016/j.hemonc.2017.05.029 

16. Beutler E. Glucose-6-phosphate dehydrogenase and 
other red cell enzyme abnormalities. In: Beutler E, 
Lichtman MA, editors. Williams Haematology. 6th ed. 
Texas: McGraw Hill Professional; 2000. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

******* 

https://doi.org/10.1016/j.hemonc.2017.05.029

