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6

ABSTRACT7

Backgroud: Glucose-6-phosphate dehydrogenase deficiency is one of the most common8

enzyme defects affecting all races and particularly in malaria-endemic areas. This study9

aimed at determining G6PD deficiency, bilirubin and oxidative stress biomarkers in G6PD10

deficient neonates among neonates in UDUTH, Sokoto.11

Methods: Samples of cord blood were collected at delivery, in the Labour Room, from 30012

neonates made up of 131 (43.7%) males and 169 (56.3%) females. Methaemoglobin13

reduction method was used for the screening of G6PD deficiency; total bilirubin level was14

estimated using bilirubinometer, total antioxidant capacity (TAC) was measured using TAC15

Assay Kit, and malondialdehyde (MDA) using thiobarbituric acid method.16

Results: Of the 300 neonates tested, a total of 90(30%) were G6PD-deficient while 210(70%)17

had normal G6PD status. Of the 90 G6PD-deficient neonates, 41(45.6%) were males and18

49(54.4%) were females. The prevalence was 31.3% among male population and 29.0%19

among female population. The mean ± standard error of total bilirubin (mg/dL), TAC (uM),20

and MDA (Mmol/L) in G6PD-deficient and G6PD-normal neonates were 6.63 ± 0.12 and21

6.11 ± 0.06, 364.34 + 18.76 and 390.99 + 24.18, 26.15 + 1.22 and 23.35 + 1.15. The total22

bilirubin was significantly higher (p<0.05) in G6PD-deficient neonate than in G6PD-normal23



neonates, both TAC and MDA values showed no significant difference between the G6PD24

deficient and G6PD normal neonates.25

Conclusion: From this study, there is a high prevalence of G6PD deficiency among neonates26

in UDUTH, Sokoto. G6PD deficiency is a known cause of neonatal jaundice hence it is27

recommended G6PD screening be made routine for all neonates born in UDUTH, Sokoto.28

Key words: G6PD, prevalence, lipid peroxidation, bilirubin, neonatal jaundice29

INTRODUCTION30

Glucose-6-phosphate-dehydrogenase (G6PD) deficiency is the most common enzyme defect,31

being present in more than 400 million people worldwide [1, 2]. G6PD deficiency is32

described as a widespread, heritable X-chromosome linked abnormality [3]. It is seen most33

frequently in approximately all of Africa, Asia, and the countries near the Mediterranean Sea34

[4]. Glucose-6-phosphate-dehydrogenase deficiency is an important disorder of hexose35

monophosphate shunt in erythrocyte metabolism [5, 6]. G6PD enzyme activity is necessary36

for red blood cell (RBC) survival as it catalyses the only metabolic pathway capable of37

generating reducing power to these cells lacking mitochondria [7]. Reducing power, supplied38

in the form of NADPH, is necessary as an electron donor for detoxifying oxidative challenges39

to cells. The metabolic reactions concerned are part of the pentose phosphate pathway (PPP),40

the first and rate-limiting step of which is catalysed by the G6PD enzyme: the oxidation of41

glucose-6-phosphate into 6-phosphoglucono-δ-lactone, which simultaneously reduces NADP42

to NADPH. The electron of NADPH passes to abundant glutathione dimers (GSSG) via43

another enzyme, glutathione reductase. Reduced glutathione monomers (GSH) represent the44

primary defense against hydrogen peroxides, organic peroxides, and free radicals. When45

G6PD functions normally, the drain of electrons from the NADPH pool caused by oxidative46

challenge within the cell prompts the PPP to accelerate according to need, i.e. maintaining an47

NADP–NADPH equilibrium that strongly favours NADPH. This in turn maintains the48



oxidised–reduced glutathione (GSSG–2GSH) equilibrium strongly in the direction of the49

reduced state [8]. Thus, G6PD serves as dominant cellular defense against oxidative stress50

[9]. In G6PD deficiency, acute hemolytic anemia usually begins within hours of an oxidative51

stress and ends when G6PD deficient erythrocytes have haemolyzed; therefore, the severity52

of the anaemia associated with these acute hemolytic episodes is proportionate to the53

deficiency of G6PD and oxidative stress [10]. Viral and bacterial infections are the most54

common triggers, but many drugs, foods and toxins can also precipitate hemolysis10. The55

most clinically serious public health burden of G6PD deficiency is neonatal jaundice as a56

result of hyperbilirubinaemia, and puts infants at risk of kernicterus within the first few days57

of life. Kernicterus can lead to hearing deficits, behaviour problems, and permanent58

neurological damage or death [1]. Previous studies in Nigeria documented a prevalence of 4-59

26% for G6PD deficiency [11]. It has been documented that G6PD deficiency is implicated60

as the major factor associated with high prevalence of severe neonatal hyperbilirubinaemia,61

acute bilirubin encephalopathy, kernicterus, and cerebral palsy among Nigerian infants; hence62

this study is designed to establish the prevalence of G6PD deficiency in neonates born in63

UDUTH, Sokoto in order to take preventive measures if the need arises.64

65
METHODS66

Study design67

This was a prospective observational study conducted in the labor ward of Usmanu68

Danfodiyo University Teaching Hospital, Sokoto, Nigeria between March and June, 2015.69

Subjects70

The study population consisted of three hundred male and female term neonates delivered by71

normal vaginal delivery or by caesarian section. Intra-uterine fetal distress (IUFD), and still72

birth were excluded from the study. The sample size was calculated based on prevalence rate73



of G6PD deficiency in neonates from a previous study [12]. Ethical approval was obtained74

from Ethics and Research Committee of the Hospital and informed consent was obtained75

from the mother of each neonate prior to delivery.76

77

Blood collection and analysis78

Five milliliter of cord blood from each neonate was collected into a clean lithium heparinised79

sample container and was mixed gently to prevent clotting. G6PD screening was performed80

using Methaemoglobin Reduction Method [13]. The screening was carried out on the day of81

blood collection. Total plasma bilirubin was determined using Bilirubinometer (Neo-bil Plus)82

[13], lipid peroxidation by plasma malondialdehyde estimation colorimetric method of Shah83

and Walker [14] and total antioxidant potential by copper reducing antioxidant assay method84

of Sashindran et al [15]. The data generated from this study were analyzed using the85

statistical package for social sciences (SPSS) version 20.0. Values were presented as the86

mean ± standard error of mean (SEM). Statistical comparisons of the parameters were made87

between G6PD normal and G6PD deficient neonates using student t-test.88

RESULTS89

A total of 300 neonates made up of 131 (43.7%) males and 169 (56.3%) females were90

screened for G6PD deficiency. Of this number, 90 (30%) were G6PD-deficient while91

210(70%) were G6PD normal. Of the 90 G6PD-deficient neonates, 41(45.6%) were males92

and 49(54.4%) were females (Table 1). Table 2 shows the prevalence based on gender of the93

neonates. The prevalence was 31.3% among male population and 29% among female94

population. Table 3 shows the Bilirubin and oxidative stress biomarkers in G6PD deficient95

neonates and G6PD normal neonate (controls). The mean ± standard error of mean of total96

bilirubin (mg/dL) for the G6PD-deficient neonates and G6PD-normal neonates were 6.63 ±97

0.12 and 6.11 ± 0.06 respectively. The mean ± standard error of mean of TAC (uM CRE) for98



the G6PD-deficient neonates and G6PD-normal neonates were 364.34 + 18.76 and 390.99 +99

24.18 respectively.100

The mean ± standard error of mean of MDA (nmol/L) for the G6PD-deficient neonates and101

G6PD-normal neonates were 26.15 + 1.22 and 23.35 + 1.15 respectively.102

Table 1 Frequency of G6PD Deficiency among the Neonates103

G6PD Status
Frequency Percent Valid Percent Cumulative Percent

Deficient 90 30 30 30

Normal 210 70 70 70

Total 300 100 100 100

104

Table 2 Prevalence of G6PD Deficiency Based on Gender105

G6PD Status Female Percent Male Percent Total

Deficient 49 29 41 31.3 90

Normal 120 71 90 68.7 210

Total 169 100 131 100 300

106

107

108

109



Table 3 Bilirubin and Oxidative Stress Biomarkers in G6PD Deficient Neonates110

Parameters G6PD Normal n(50) Deficient n(90)

Total Bilirubin(mg/dL) 6.11 + 0.06 6.63 + 0.12**

MDA(nmol/L) 23.35 + 1.15 26.15 + 1.22

TAC(µM CRE) 390.99 + 24.18 364.34 + 18.76

Values are presented as mean + SEM. ** statistically significant (p<0.01) as compared to111

control.112

Abbreviation: CRE = Copper reducing equivalence.113

114

DISCUSSION115

It has been established that Glucose-6-phosphate dehydrogenase deficiency is the most easily116

identified inherited disorder that causes newborn jaundice, severe hyperbilirubinaemia, and117

bilirubin encephalopathy. Furthermore, acute bilirubin encephalopathy (ABE) and its post118

icteric chronic sequelae (kernicterus, in its classic form) are the most severe, life-threatening119

manifestations of neonatal G6PD deficiency that should be preventable [9]. Its prevalence in120

neonates with indirect hyperbilirubinaemia varies in different parts of the world according to121

ethnic variations. Studies from different parts of the world report different prevalence rates.122

In Spain, France and Singapore the prevalence rates (1.57, 2.1 and 1.62% respectively) were123

low, while that of Saudi Arabia, Nigeria and in American Blacks (18.4, 40 and 14%124

respectively) were high [16]. In an earlier study, the prevalence of G6PD deficiency in125

apparently healthy individuals in Sokoto was established to be 37.6% [17]. In the present126

study, the prevalence of G6PD deficiency amongst neonates born in UDUTH, Sokoto,127

Nigeria; was determined and found to be 30%. In a previous study at Ile-Ife, South Western128

part of Nigeria, prevalence of G6PD deficiency was reported to be 20% among neonates (18),129

and 18.2% to 28.7%; have been documented from earlier different studies in Nigeria (19).130



Strong relationship between malaria and G6PD deficiency state has been widely reported,131

prevalence of G6PD deficiency is high in malaria endemic region [11]. It has also been132

documented that G6PD deficiency provides great protection from malaria infections133

especially for falciparum infections. Nigeria being a malaria endemic country, might have134

accounted for the high prevalence of G6PD deficiency.135

G6PD deficiency, being an X-linked condition, the G6PD deficiency was found to be more in136

male than the female from this study and this finding is consistent with previous reports [20].137

In the present study, the mean bilirubin level of G6PD deficient neonates was significantly138

higher than G6PD normal neonates. Our finding is consistent with that of Isa et al [18]139

Badejoko et al [18]. Significant association of G6PD deficiency with neonatal140

hyperbilirubinaemia in the immediate perinatal period has been documented [21]. It has also141

been reported that significant hyperbilirubinaemia poses a potential threat for permanent142

neurological deficit or kernicterus. Studies have revealed that insufficient hepatic metabolism143

of unconjugated bilirubin [22] rather than increased hemolysis [23] is the major contributor to144

neonatal hyperbilirubinaemia.145

MDA level is a sensitive indicator of lipid peroxidation and thus of oxidative stress.146

Increased concentrations of free oxygen radicals in newborns damage the cell membrane147

through lipid peroxidation, and this damage may be associated with various pathologies such148

as hypoxic ischemic encephalopathy, intraventricular hemorrhage, necrotizing enterocolitis,149

and bronchopulmonary dysplasia Bilirubin is an effective scavenger of oxidant radicals, and150

its concentration is increased during oxidative stress [24].The level of MDA was higher in151

G6PD deficient neonates than G6PD normal neonates though the increase was not152

statistically significant, this is consistence with studies of Alkhotani et al [24] and Nassef et153

al [25]. Total antioxidant capacity concentration was also higher in G6PD normal than G6PD154

deficient neonates; the difference was also not statistically significant.155



In conclusion, there is a high prevalence of G6PD deficiency among neonates in UDUTH,156

Sokoto, which may lead to neonatal hyperbilirubinaemia which can result to kernicterus. In157

UDUTH, neonates are not routinely screened for G6PD deficiency, and the common practice158

of early discharge means that newborns are discharged before the onset of jaundice.159

Therefore, it is recommended that all neonates should be screened for G6PD deficiency in160

order to take appropriate measures to prevent complications of hemolysis and jaundice; as161

well as the bilirubin level before postnatal discharge. All patients that are malaria positive162

must be screened to know their status prior to treatment so as to avoid antimalarial and all163

other oxidative agents that can trigger hemolytic crisis in G6PD deficient neonates.164

165
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