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Abstract

Introduction: G6PD deficiency is the most common erythrocyte enzymopathy, being present in more than 400 million
people worldwide. Blood donation from G6PD deficient donors might alter the quality of the donated blood during
processing, storage or in the recipient circulatory system.

Aims & objectives: 1.To detect G6PD deficiency amongst healthy blood donors. 2.To find out the prevalence of G6PD
deficiency.

Material & methods: A prospective study was carried out on 2012 healthy blood donors from February 2016 to December
2016 in the Department of IHBT, S.P. Medical College and Associated group of Hospitals, Bikaner. Blood donors were
screened for G6PD deficiency using Methemoglobin Reduction Test.

Observations & results: Out of total 2012 healthy blood donors, 133(6.6%) donors were found to be G6PD deficient.
Prevalence rate observed in the study was within the range of overall prevalence of India (0-27%). Conclusion: Prevalence
of 6.6% should be taken as serious concern and further more studies are advised for screening of G6PD in healthy blood
donors. As the methaemoglobin reduction test (MRT) used in this study is cost effective and convenient, it can be used as a

screening method to identify G6PD deficient blood donors and it can be an aid-on extended medical checkup for healthy

blood donors which will help to increase the safe and voluntary blood donations.
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Introduction:

A blood bank plays an important role in ensuring
the supply of safe blood as and when required.
While it is important to ensure that there is an
adequate supply of blood, it is also essential that the
blood collection process does not harm either the
blood donor or the recipient. This is achieved by
doing stringent screening of pre and post donations
for possible Transfusion Transmissible Infections
(TTTIs.) and other investigations.

G6PD is a cytoplasmic enzyme. It has a
housekeeping role in all cells, and is particularly
critical to the integrity and functioning of RBCs.
The major function of G6PD is the prevention of
oxidative damage to cells by promoting

detoxification of free radicals'. The G6PD gene is

present on the long arm of the X chromosome
(Xq28) and consists of 13 exons with a length of 18
kb. The active form of G6PD enzyme is either a
dimer or a tetramer of a single polypeptide subunit
of about 59 kD'?. Association of these subunits was
NADP dependent™>.

Glucose-6-phosphate  dehydrogenase  (G6PD)
deficiency is the most common erythrocyte
enzymopathy, being present in more than 400
million people worldwide that may lead to neonatal
jaundice or hemolytic crisis due to drugs or
infections’. The study of G6PD deficiency among
blood donors is important as WHO recommends
deferring G6PD deficient blood donors with a
history of hemolysis’.

In India, G6PD deficiency was reported in 1963 by
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Baxi et al, and the prevalence rate varied from O to
27% in different caste, ethnic, and linguistic groups.
The frequency is higher among the tribals than the
caste populations6.

Early detection and prevention is the key strategy to
successful management and control of G6PD
deficiency. Genetic counseling, prenatal diagnosis,
health education, and public awareness can provide
benefits by way of preventive genetics to the
affected individuals and their families®.

Aims & Objectives:

1. Detection of Glucose-6-Phosphate
dehydrogenase deficiency in healthy blood
donors.

2. To study the prevalence of Glucose-6-
phosphate dehydrogenase deficiency in
healthy blood donors.

Material & Methods:

A total of 2012 samples from blood donors coming
in the Department of IHBT, S.P. Medical College
and Associated group of Hospital, Bikaner, were
collected for screening of GO6PD deficiency during a
time period of 11 months from February 2016 to
December 2016. Written consent was taken at the
time of donor screening.

The  method  (Methaemoglobin  Reduction
Test/MRT) used in the this study was same as
described in the WHO guidelines’.

Principle of MRT: It involves the oxidation of
haemoglobin to methaemoglobin by sodium nitrite
and its subsequent enzymatic reconversion to
haemoglobin in the presence of methylene blue.
This redox dye affects the pentose phosphate
pathway and activates reduced triphosphopyridine
nucleotide-methaemoglobin reductase in normal,
but not in G6PD deficient, erythrocytes. The rate of
reduction of methaemoglobin to haemoglobin is
proportional to the GOPD activity of the cell.
Procedure: 2 ml of the blood to be tested was

added to the sample tube. 2 ml of blood were added

to both the positive reference and normal reference
tubes. Only one positive and one normal reference
tubes are needed for each batch of tests performed.
They were mixed well by inversion. Samples were
incubated at 37° £ 1°C for three hours. After
incubation, 0.1 ml of the test mixture was added to
test tube containing 10 ml of distilled water. After 2
to 10 minutes, it was visually compared with the
similarly diluted positive and normal references.
Interpretation: Normal G6PD status - Clear red,
like the normal reference tube. G6PD deficiency -
Brown, like the positive reference tube.
Observations & results:

It was observed that 133(6.6%) blood donors were
G6PD deficient among 2012 healthy blood donors
who came to donate blood in the Department of
Immunohematology and Transfusion Medicine,
S.P. Medical College and Associated Group of
Hospitals, Bikaner. The prevalence rate observed in
this study was 6.6%.

Table 1 shows the status of G6PD according to sex.
All 133 G6PD deficient blood donors were male
blood donors. All the female donors had normal
G6PD status.

Table 2 shows the status of G6PD according to age
group. Out of total 133 blood donors who had
GOPD deficiency, maximum 75(56.4%) blood
donors belonged to age group 21-30. Most common
age group was 21-30 years where total 1137 blood
donors were found.

Table 3 shows the status of G6PD according to
ABO blood group. The most common ABO blood
group in the study population was B blood group in
both G6PD deficient(57, 42.8%) and GO6PD
normal(749, 39.8%) blood donors.
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Table 4 shows the status of G6PD according to G6PD deficient blood donors, 120(90.2%) blood
Rhesus D blood group. Out of total 2012 blood donors were Rh D Positive and 13(9.8%) blood
donors, 1823 blood donors were Rh Positive and donors were Rh D Negative.

189 blood donors were Rh Negative. Among 133

Table 1

Status of G6PD according to Sex

Status of G6PD
Total
Sex G6PD deficiency Normal G6PD
No. % No. % No. %
Male 133 100 1860 99.0 1993 99.1
Female 0 0 19 1.0 19 0.9
Total 133 100 1879 100 2012 100
Table 2
Status of G6PD according to age group
Age Group Status of G6PD Total
G6PD deficiency Normal G6PD
No. % No. % No. %
18-20 11 8.3 134 7.1 145 7.2
21-30 75 56.4 1062 56.5 1137 56.5
31-40 36 27.1 492 26.2 528 26.3
41-50 10 7.5 169 9.0 179 8.9
51-60 1 0.7 22 1.2 23 1.1
Total 133 100 1879 100 2012 100
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Table 3

Status of G6PD according to ABO blood group

Blood Status of G6PD Total X2 p
Group
G6PD deficiency Normal G6PD
No. % No. % No. %
A 32 24.1 390 20.8 422 21.0 0.8183 >0.05
B 57 42.8 749 39.8 806 40.0 0.4642 >0.05
0 38 28.6 548 29.2 586 29.1 0.0212 >0.05
AB 6 4.5 192 10.2 198 9.9 4.9507 <0.01
Total 133 100 1879 100 2012 100
Table 4
Status of G6PD according to Rhesus D blood group
Status of G6PD
Total
Blood Group G6PD deficiency Normal G6PD
No. % No. % No. %
Rh D Positive 120 90.2 1703 90.6 1823 90.6
Rh D Negative 13 9.8 176 9.4 189 9.4
Total 133 100 1879 100 2012 100
X2 0.0243
p >0.05
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Table 5

Comparison of studies for prevalence of G6PD Deficiency

Study Year Country n Prevalence
White et al8 1986 Yemen 146 6.2%
Choubisa et al® 1987 Rajasthan, India 1198 4.59%
Pant et al10 1992 Gujrat, India 414 5.9%
Ramadevi et al!! 1994 South India 5140 7.8%
Kaeda!? 1995 Orissa, India 49 6.12%
Hilmi et alt3 2002 Iraq 758 6.1%
Sukumar et al4 2004 Mumbai, India 3166 10.5%
Matsuoka et alts 2004 Cambodia 670 7.0%
Nishank!6 2008 Orissa, India 3480 6.41%
Present study 2016 Rajasthan, India 2012 6.6%
Discussion: donors were found. Second most common age

This study showed that out of total 2012 healthy
blood donors, 133(6.6%) blood donors had G6PD
deficiency and 1879(93.4%) blood donors had
normal G6PD.

Table 5 shows the comparison of studies for
prevalence of GO6PD Deficiency. The prevalence
rate observed in the present study was very similar
to White et al® (6.2%), Pant et al'’ (5.9%), Kaeda et
al'? (6.12%), Hilmi et al" (6.1%), Matsuoka et al"’
(7.0%) and Nishank et al'® (6.41%).

The present study showed that majority of the
G6PD deficient blood donors were in the age group
21-30 years where total 75 blood donors were
found G6PD deficient. Overall most common age

group was also 21-30 years where total 1138 blood

group was 31-40 years where total 528 blood
donors were found. Our study is similar to Sidhu et
al'” observed that majority of the blood donors
belonged to age group 18-30 years. There, was
apparently decreased frequency of G6PD deficient
blood donors with increasing age. Omisakin et al'®
observed that out of the 314 blood donors
80(25.5%) were G6PD deficient. Age group of 25-
34 years had highest G6PD deficient donors
34(42.5%).

Out of total 2012 blood donors, only 19(0.9%)
blood donors were females while remaining
1993(99.1%) blood donors were males with male to
female ratio was 104.89:1. Out of 1993 males
133(6.7%) were GOPD deficient and 1860(93.3%)
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blood donors had normal G6PD status. All the 19
females had normal G6PD level. Our study is very
similar to Alabdulaali et al' found that
1137(98.9%) blood donors were males among the
study population of 1150 blood donors. Only
13(1.1%) blood donors belonged to female blood
donors. Out of 1150 blood donors 9(0.78%),
23(2%) and 4(0.35%) blood donors had G6PD
deficiency, Sickle cell trait and both conditions,
respectively. Out of 1137 male blood donors,
13(1.14%) blood donors were GO6PD deficient.
Akanni et al*® observed that out of 200 blood
donors tested for G6PD, 163(81.5%) blood donors
were males and 37(18.5%) blood donors were
females. Out of 163 male blood donors 35(21.5%)
were GO6PD deficient and out of 37 female blood
donors 4(10.8%) were G6PD deficient.

In our study most common ABO blood group was
B blood group which is similar to a study done by

1'° who observed distribution of ABO

Pant et al
blood groups and sickle cell haemoglobin on 783
blood samples in relation to malaria, from both the
sexes of Muslim and Christian populations of
Kheda district, Gujrat. Blood group B was
dominant in both the communities. Significant
association of ABO polymorphs with P. falciparum
and total malaria cases was observed. 414 blood
samples from male individuals were screened for
G6PD deficiency. High frequency of G6PD
deficiency was observed in Christians (5.9%) and
low in Muslim (1.8%) population, whereas sickle
cell haemoglobin in Muslim population was 1.5%
and absent in Christians. Our study is similar to
Sidhu et al'” observed that majority of the blood
donors belonged to B blood group. Out of total 500
blood donors, 155(31%) blood donors belonged to
blood group B followed by O, AB and A blood
groups having 129(25.8%), 110(22%) and
106(21.2%), respectively. Out of 155 blood donors

who were of blood group B, 2(1.29%) blood donors
were G6PD deficient.

Our study found that out of total 2012 blood
donors, 1823(90.6%) blood donors were Rh D
Positive and 189(9.4%) blood donors were Rh D
Negative. Our study is similar to Sidhu et al'’
observed that out of total 500 blood donors
445(89%) of blood donors were Rh D Positive and
55(11%) of blood donors were Rh D Negative. Out
of 445 Rh D Positive blood donors, 4(0.9%) were
G6PD deficient. No blood donor were found G6PD
deficient among Rh D Negative groups. Jeremiah et
al’' observed that out of 240 apparently healthy
children, 219(91.3%) were Rh D positive and
21(8.7%) were Rh D negative. A significant
association was found to exist between blood group
O, Rh D negative and P. falciparum malaria. No
association was found to exist between G6PD status
and P. falciparum parasitaemia.

Conclusion:

The observation of 6.6% prevalence of G6PD
deficient blood donors in the present study could be
taken to consider that the problem of G6PD
deficiency exists in the blood donors. It should be
of concern as the GO6PD deficiency remains
obscure, there being no overt clinical manifestation.
As the study is conducted over a time period of
eleven months from February 2016 to December
2016 involving 2012 blood donors, prevalence of
6.6% should be taken as serious concern and further
more studies are advised for screening of G6PD in
healthy blood donors.

As the methaemoglobin reduction test (MRT) used
in this study is cost effective and convenient, it can
be used as a screening method to identify G6PD
deficient blood donors and it can be an aid-on
extended medical checkup for healthy blood donors
which will help to increase the safe and voluntary

blood donations.

187

www.ijpamr.com P ISSN: 2250-284X, E ISSN : 2250-2858



Indian Journal of Basic and Applied Medical Research; March 2017: Vol.-6, Issue- 2, P. 182-189

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Monteiro WM, Val FFA, Siqueira AM et al. G6PD deficiency in Latin America: systematic review on
prevalence and variants. Mem Inst Oswaldo Cruz Rio de Janeiro, 2014; 109(5): 553-568.

Kirkman HN, Hendrickson EM. Glucose-6-phosphate dehydrogenase from human erythrocytes, II:
subactive states of the enzyme from normal persons. J Biol Chem. 1962; 237:2371-2376.

Chung AE, Langdon RG. Human erythrocyte glucose- 6-phosphate dehydrogenase, I: isolation and
properties of the enzyme. J Biol Chem. 1963; 238:2309-2316.

Frank JE. Diagnosis and management of G6PD deficiency. Am Fam Physician 2005;72:1277-82.
Stainsby D, Dhingra N, James V et al. Blood donor selection: guidelines on assessing blood donor
suitability for blood donation. World Health Organization; Geneva, Switzerland: 2012.

Rai V, Kumar P. Epidemiological Study of Glucose-6-phosphate Dehydrogenase Deficiency in
Scheduled Caste Population of India. J Anthropology 2012; 2012:1-5.

Report of a WHO Scientific Group. Standardization of procedures for the study of glucose-6-phosphate
dehydrogenase. WHO Tech Rep Ser 1967; 366:1-53.

White JM, Byrne M, Richards R, Buchanan T, Katsoulis E, Weerasingh K. Red cell genetic
abnormalities in Peninsular Arabs: sickle haemoglobin, G6PD deficiency, and alpha and beta
thalassaemia. J] Med Genetics, 1986; 23(3):245-251.

Choubisa SL, Choubisa L, Pande S, Srivastava YK. Incidence of abnormal haemoglobins and G-6-PD
deficiency in school children of Udaipur (Rajasthan), India. J Trop Med Hyg 1987; 90:215-6.

Pant CS, Gupta DK, Bhatt RM, Gautam AS, Sharma RC. An epidemiological study of G-6-PD
deficiency, sickle cell haemoglobin, and ABO blood groups in relation to malaria incidence in Muslim
and Christian communities of Kheda, Gujarat, (India). ] Commun Dis 1992; 24:199-205.

Ramadevi R, Savithri HS, Devi AR, Bittles AH, Rao NA. An unusual distribution of glucose-6-
phosphate dehydrogenase deficiency of South Indian newborn population. Indian J Biochem Biophys
1994; 31:358-60.

Kaeda JS, Chhotray GP, Ranjit MR, Bautista JM, Reddy PH, Stevens J, et al. A new glucose-6-
phosphate dehydrogenase variant GOPD Orissa (44 Ala—Gly) is the major polymorphic variant in tribal
populations in India. Am J Hum Genet 1995; 57:1335-41.

Hilmi FA, Al-Allwi NA, Rassam M, Al-Shamma G, Al-Hashimi A. Red cell glucose-6-phosphate
dehydrogenase phenotypes in Iraq, East Med Hlth J, 2002; 8(1):42-48.

Sukumar S, Mukherjee MB, Colah RB, Mohanty D. Molecular basis of G6PD deficiency in India.
Blood Cells Mol Dis 2004; 33:141-5.

Matsuoka H, Nguon C, Kanbe T et al. Glucose-6-phosphate dehydrogenase (G6PD) mutations in
Cambodia: G6PD Viangchan (871G>A) is the most common variant in the Cambodian population. J
Human Gen, 2005; 50(9):468-472.

Nishank SS, Chhotray GP, Kar SK, Ranjit MR. Molecular variants of G6PD deficiency among certain
tribal communities of Orissa, India. Ann Hum Biol 2008; 35:355-61.

Sidhu PK, Kaur K, Kumar I, Lata S. Glucose-6-phosphate dehydrogenase deficiency in blood donors:
screening by micromethaemoglobin reduction test. Ind J Pathol Microbiol. 2001; 44(1):23-5.

188
www.ijpamr.com P ISSN: 2250-284X, E ISSN : 2250-2858



18.

19.

20.

21.

Indian Journal of Basic and Applied Medical Research; March 2017: Vol.-6, Issue- 2, P. 182-189

Omisakin CT, Esan AJ, Ogunleye AA, Ojo-Bola O, Owoseni MF, Omoniyi DP. Glucose-6-phosphate
dehydrogenase (G6PD) deficiency and sickle cell trait among blood donors in Nigeria. Am J Public
Health Res. 2014; 2(2):51-55.

Alabdulaali MK, Alayed KM, Alshaikh AF, Almashhadani SA. Prevalence of glucose-6-phosphate
dehydrogenase deficiency and sickle cell trait among blood donors in Riyadh. Asian J Transfus Sci
2010; 4:31-3.

Akanni EO, Oseni BSA, Agbona VI et al. Glucose-6-phosphate dehydrogenase deficiency in blood
donors and jaundiced neonates in Osogbo, Nigeria. ] Med Lab Diagnosis 2010; 1(1):1-4.

Jeremiah ZA, Jeremiah TA, Emelike FO. Frequencies of some human genetic markers and their
association with Plasmodium falciparum malaria in the Niger Delta, Nigeria. J Vector Borne Dis 2010;

47:11-16.

189
www.ijpamr.com P ISSN: 2250-284X, E ISSN : 2250-2858



