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activity of G6PD was assayed with Lactate Dehydrogenase (LDH) and
Alkaline Phosphatase ALP) activities, Iron, Total Proteins (TP),
reticulocytes levels and hemoglobin (Hb) levels. Data were analyzed
with SigmaPlot Statistical Analysis Software 2014. Mean and Standard
Errors on the Mean (SEM) of blood parameters were calculated.
Student's t-test and Mann-Whitney Rank Sum test were used to
ascertain difference between group characteristics. The study was
approved by the national ethics committee.

Results: A total of 44 newborns (23.78%) were G6PD deficient. The
Minan and Adja ethnic groups were the most affected with a prevalence
of 45.45% and 40.00% respectively. The mean level of TP (57.92+2.04
vs. 61.31+5.01), lron (1.78+0.15 vs. 1.76£0.44) and the enzymatic
activity level of PAL (136.76+£6.69 vs. 117.331£5.04) and LDH
(291.15+19.50 vs. 279.57+69.32) did not vary significantly in severe
G6PD deficientneonates compared to normal.

Conclusion: Hemolytic anemia biomarker are not affected in G6PD
deficiency neonates.
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Introduction:-
Glucose-6-phosphate dehydrogenase (G6PD) is an enzyme that catalyses the first reaction in the pentose phosphate
pathway, providing reducing power to all cells through NADPH. NADPH enables cells to counterbalance oxidative
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stress that can be triggered by several oxidant agents, and to preserve the reduced form of glutathione (Cappellini
and Fiorelli, 2008). Since red blood cells do not contain mitochondria, the pentose phosphate pathway is their only
source of NADPH. Therefore, defence against oxidative damage is dependent on G6PD in these cells (Mehta et al.,
2000).

G6PD deficiency is an X-linked, hereditary genetic defect caused by mutations in the G6PD gene, resulting in
protein variants with different levels of enzyme activity (Cappellini and Fiorelli, 2008). G6PD deficiency affects
more than 400 millions of people worldwide (Mehta et al., 2000; van den Broek et al., 2016). A striking similarity
exists between the areas where G6PD deficiency is common and Plasmodium falciparum malaria is endemic
(Ruwende and Hill, 1998). About 7.5% of the population worldwide are carriers of G6PD deficiency, ranging from
0.1% in Japan and some European areas to 35% in Africa, Southern Europe, Middle East, and Southeast Asia
(Drousiotou et al., 2004; Noori-Daloii et al., 2007).

G6PD deficiency is associated with a wide range of biochemical and clinical phenotypes (Cappellini and Fiorelli,
2008). Majority of G6PD deficient individuals are asymptomatic most of the time (Howes et al., 2013). Symptoms
appeared when cells are exposed to exogenous oxidative stresses against which they cannot defend themselves. The
severity of the clinical symptoms and the subsequent treatment required depend on the enzyme deficiency variant,
the nature and dose of the oxidative agent, the time course of exposure, the presence of additional oxidative stresses
and pre-existing factors such as age, haemoglobin concentration and concurrent infection (Cappellini and Fiorelli,
2008). Neonatal jaundice (NNJ) remains the most clinically serious symptom of G6PD deficiency. NNJ peaks 2 to 3
days after birth (Howes et al., 2013). This is highly variable in severity but can lead to kernicterus and permanent
neurological damage or death if left untreated (Doxiadis and Valaes, 1964). Not all neonates with NNJ are G6PD
deficient, but this congenital condition greatly increases the risks, and in some countries, is the most common cause
of NNJ (Al-Sweedan et al., 2009).

Anemia in the neonates is still a major health problem in tropical Africa countries. More ever, there is currently little
data on other biomarkers associated with G6PD deficiency in the absence of jaundice. Our goal was to explore
potential markers of oxidative stress that are associated with G6PD deficiency at birth. Identification of such
markers may help to a better understanding of the pathophysiology associated with G6PD deficiency.

Material and Methods:-

Study design and research methodology:

This study was a descriptive cross-sectional study conducted from February to June 2019. A total of 185 neonates
aged <7 days, birthed in different maternity and neonatology services in south Benin were enrolled in the study. The
research work was approved by the National Research Ethics Review Boards of Benin and parents provided
informed consent before been enrolled into the study.

Measurement of Biochemical and Hematological Parameters:

A venous blood sample was collected from each newborn by trained nurse. Samples were dropped from the cubital
vein in ethylene diamine tetra acetic acid (EDTA) tubes for G6PD enzyme activity and in dry tubes for others
biochemical and hematological parameters. The biomedical parameters were determined within 12 hours. The red
cell G6PD activity was determined by an enzymatic kinetic assay for the quantitative determination of G6PD
enzymatic activity using a commercial kit form Cypress Diagnostics (Cypress Diagnostics, Langdorp, Belgium).
Hemoglobin (Hb) was measured by spectrophotometry on the same sample. G6PD activity was recorded as U/g Hb.
A 60% of normal activity cut-off point for the diagnosis of G6PD deficiency was established (WHO Working
Group, 1989). The upper and lower limit cut-off points for moderate deficiency were respectively 60% of the normal
mean and 20% of the normal mean. The upper limit for severe deficiency was 20% of the normal mean G6PD
activity for neonates. Lactate dehydrogenase (LDH) and Alkalin Phosphatase ALP) activities were determined by a
quantitative enzymatic method. Serum levels of Iron and Total Proteins (TP) were measured using MP Diagnostics
reagents (MedicalePharmaceutique, Paris, France). The counting of the reticulocytes was done under the ordinary
microscope after staining with brilliant cresyl blue.

Statistical analyses:

Data were analyzed by SigmaPlot statistical analysis software 2014 (Systat Software, Inc. San Jose, CA, USA).
Means and standard errors of the mean (SEM) of blood parameters were calculated. If Normality Test (Shapiro-
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Wilk) is correct, Student’s t-test was used to ascertain difference between group’s characteristics, if not, Mann-
Whitney Rank Sum Test was used. A p-value of < 0.05 was deemed significant.

Results:-
Of the 185 newborns screened over a period of five months, more than half were boys (52.43%) with male to female
sex-ratio of 1.1:1. Their ages ranged between 1 to 7 days with an average of 3.07 £ 0.16 days. A total of 125
neonates (67.57%) were 3 days old and under. The Fon (44.32%) were the ethnic group most represented followed
by the Aizo and Goun (respectively 14.05% and 12.43). Table 1 shows the demographic characteristics of the study
participants.

Table 1:-Demographic characteristics of study participants, 2018

Number (n=185) Percentage (%)
Sex
Female 88.00 47,57
Male 97.00 52.43
Age (day)
<3 125.00 67.57
>3 60.00 32.43
Ethnic group
Adja 20.00 10.75
Aizo 26.00 13.98
Bariba 3.00 1.61
Dendi 5.00 2.69
Fon 82.00 44,62
Goun 23.00 12.37
Minan 11.00 5.91
Yoruba 15.00 8.06
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Figure 1:-Reticulocyte level in neonate

Reticulocyte level did not vary significantly in < 3 days old neonates compared to > 3 days old in severe (p = 0,530),
moderate (p = 0,836) and normal groups (p = 0,382) (Fig 1).
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Table 2:-Glucose-6-phosphate dehydrogenase enzyme activity in neonates

Parameter G6PD Enzyme Activity p-value
Severe Moderate Normal

Female 2.055+0.335 7.398+0.357 15.886+0.471 p(a)=0.017; p(B)<0.001;
p(1)=0.025

Male 2.351+0.158 6.293+0.686 16.474+0.438 p(0)<0.001; p(B)<0.001;
p(1)<0.001

Total 2.305+0.142 7.125+0.335 16.249+0.320 p(2)<0.001; p(B)<0.001;
p()<0.001

p(o): Severe vs. Normal; p(B): Moderate vs. Normal; p(u): Severe vs. Moderate.

The overall mean value for GBPD normal activity was 16.11 U/g Hb. The upper and lower limit cut-off points for
moderate deficiency were 9.27 U/g Hb (60% of the normal mean) and 3.22 U/g Hb (20% of the normal mean),
respectively. The upper limit for severe deficiency was 3.22 U/g Hb (20% of the normal mean G6PD activity for
neonates). G6PD enzyme activity level was significantly decreased in severe cases compared to normal cases (2,305
+ 0,142 vs 16,249 + 0,320 ; p(a)<0.001), in moderate cases compared to normal cases (7,125 + 0,335 vs 16,249 +
0,320 ; p(B)<0.001) and in severe cases compared to moderate cases (2,305 + 0,142 vs 7,125 + 0,335 ; p(u)<0.001)
(Table 2).

Table 3:-G6PD Statut frequency

Parameter G6PD Statut
Normal Moderate Severe Total deficit

N (%) 141(76.22) 31(16.75) 13(7.03) 44(23.78)
Sex

Female 65(73.87) 21(23.86) 2(2.27) 23(26.13)

Male 76(78.35) 10(10.31) 11(11.34) 21(21.64)
Age (day)

<3 96(76.80) 23(18.40) 6(4.31) 29(23.20)

>3 45(75.00) 8(13.33) 7(15.22) 15(25.00)
Ethnic group

Adja 12(60.00) 6(30.00) 2(10.00) 8(40.00)

Aizo 22(84.62) 2(7.69) 2(7.69) 4(15.38)

Bariba 2(66.67) 1(33.33) 0(00) 1(33.33)

Dendi 4(80.00) 1(20.00) 0(00) 1(20.00)

Fon 63(76.83) 12(14.63) 7(8.54) 19(23.17)

Goun 18(78.26) 5(21.74) 0(00) 5(21.73)

Minan 6(54.55) 5(45.45) 0(00) 5(45.45)

Yoruba 13(86.67) 0(00) 2(13.33) 2(13.33)

A total of 44 (23.78%) neonates were G6PD deficient, of which 13 (7.03%) were severe and 31 (16.75%) moderate.
Among G6PD deficient neonates, 23 (26.14%) were females with 2 (2.27%) severe and 21 (23.86%) moderate.
G6PD deficient males were 21 (21.65%) with 11 (11.34%) severe and 10 (10.31%) moderate. Frequency in < 3 days
old neonates was 23.2% (29 neonates of 125) and 25.0% into > 3 days old (15 neonates of 60). The Minan (45.45%)
were the ethnic group most affected followed by the Adja (40.00%). Table 3shows G6PD deficiency frequencies
according the demographic characteristics of the study participants.

Table 4:-Biochemical parameters in neonates

Parameter G6PD Statuts p-Value
Normal Moderate Severe
LDH (U/L) 291.15+19.50 293.21+36.55 279.57+£69.32  |p()=0.785; p(B)=0.660; p(1)=0.603
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ALP (U/L) 136.7626.69 133.56217.23 117.3345.04  |p(0)=0.857; p(B)=0.633; p(11)=0.999
Iron (mg/L) 1.780.15 1.9520.32 1.7620.44  |p(0)=0.962; p(B)=0.632; p(1)=0.732
TP (g/L) 57.92+2.04 57.1415.44 61.3135.01  |p(0)=0.494; p(B)=0.647; p(1)=0.577

p(a): Severe vs. Normal; p(B): Moderate vs. Normal; p(l): Severe vs. Moderate.
LDH and ALP activities did not vary significantly in severe cases or moderate cases compared to normal. Iron and
TP levels did not vary significantly in severe or in moderate G6PD deficient compared to normal (Table 4).

Discussion:-

G6PD deficient neonates are at risk of severe acute hemolytic anemia after exposure to oxidant stresses. We
conducted this study in order to assess if biochemical markers of anemia are disrupted in G6PD deficient hewborn in
the absence of any oxidative attack.

The neonate enrolled ages ranged between 1 to 7 days with an average of 3.07 + 0.16 days. A total of 125 neonates
(67.57%) were 3 days old and under. Of the 185 newborns screened, more than half were male (52.43%) with a sex-
ratio of 1.1:1. The male predominance observed in our sample reflected the distribution based on population sex
reported in Benin during the 3rd General Population and Housing Census (RGPH 3) with male to female sex ratio of
1.1:1. Based on ethnicity, Fon(44.32%) was the major ethnic group followed respectively by the Aizo (14.05%) and
Goun (12.43%). The overall mean value of G6PD activity in non-deficient neonate was 16.11 U/g Hb. This result is
higher than that found by Hamid et al that was 12.8 U/g Hb (Hamid et al., 2019). We used the upper (9.27 U/g Hb;
60% of the normal mean) and lower (3.22 U/g Hb; 20% of the normal mean) limit cut-off points for moderate
deficiency and the upper limit (3.22 U/g Hb; 20% of the normal mean G6PD activity for neonates) for severe
deficiency. The prevalence of G6PD deficiency in our study was 23.78% with 7.03% of severe and 16.75% of
moderate deficiency. 26.14% of deficient neonates were females and 21.65% males. There was no significant
difference between genders, ages and ethnics. In West Africa, G6PD deficiency ranged between 15% to 30%
(Orimadegun and Sodeinde, 2011). In previous study, we reported similar level of G6PD deficiency (24.63%) in
neonate in Benin(Fiogbe et al., 2018). Such level of G6PD deficiency was reported in Northen Benin (Adedemy et
al., 2015), in Nigeria (Williams et al., 2013) and in Burkina Faso (Simpore et al., 2007).

Prevalence of G6PD deficiency varies within ethnic group (Sharma et al., 2011). Our results showed that G6PD
deficiency was more predominant in Mina (45.45%) and Adja (40.00%) ethnic groups. Marrying close family
members is a tradition in many ethnic group in Benin as it is the case throughout the world (Ahmed et al., 2002;
Bittles, 2001). Since Mina and Adja are among groups were first cousins marriage is predominant, the high
frequency of G6PD deficiency these ethnic groups is not surprizing.

Early diagnosis for appropriate management of neonatal anemia is very important in order to prevent
hyperbilirubinemia, bilirubin encephalopathy and kernicterus. Literature indicates several diagnostic tests which
may be used for this purpose. LDH and ALP are predictors of hemolysis in patients with G6PD deficiency (Gaikwad
and Jadhav, 2018; Nalbantoglu et al., 2011). ALP is a ubiquitous intracellular enzyme found abundantly in red blood
cells. It is secreted into plasma upon the destruction of these cells. ALP level is a significant predictor of hemolysis
(Nalbantoglu et al., 2011). Studies reported by Ylmazet al. showed high levels of ALP in patient with Rh
incompatibility, in hemophagositic syndrome (Ylmaz et al., 2006) and in patients with Rh hemolytic disease (el-
Mauhoub et al., 1989). In other hand, LDH is a true intracellular enzyme found in many body tissues particularly
heart, liver, skeletal muscles, kidney and red blood cells (Wickramasinghe, 2006). Recently, Gaikwad et al. showed
that serum LDH level was significantly increased in hemolytic anemia (Gaikwad and Jadhav, 2018). Similar
findings were obtained in other studies (Emerson and Wilkinson, 1966; Gronvall, 1961). The possible cause for
increase in serum LDH level in hemolytic anemia would be the markedly increased inflow of LDH molecules into
the blood stream due to increased rate of destruction of red blood cells and slower elimination of LDH (Gronvall,
1961). Our finding that ALP and LDH activity did not vary in neonate with G6PD deficiency compared to normal
suggests that hemolysis doesn’t occur in G6PD deficient neonate in absence oxidative stress.

Iron is a major component of Hb that allows oxygen molecules fixation thereby facilitating its distribution in the
body which is required for cellular respiration and other cell functions (Beard, 2001). Significantly increase in
ferritin levels in G6PD deficient neonates was reported (Stadem et al., 2017). That finding supported the hypothesis
of a subclinical inflammatory response in G6PD deficient neonates in the absence of jaundice or oxidative stress. |
the present study, we showed that iron level did not vary in newborn with G6PD deficiency. Even if, serum ferritin
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level, not iron, reflects better iron load in individual (Siimes et al., 1974), our results does excludes iron deficiency
and anemia in G6PD deficient neonate without jaundice. Significant markers of oxidative stress in African newborns
with G6PD deficiency was reported. The abnormally low level of G6PD activity in newborn triggers a biologic
response that includes increasing plasma levels of small molecule antioxidants such as ascorbate, uric acid and
vitamin E in a compensatory effort (Stadem et al., 2017). This mechanism seems to be absent regarding hemolysis
markers.

In the present study, we showed that anemia markers like PAL, LDH, iron, total protein and reticulocytes levels are
not affected by G6PD deficiency at birth.
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