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Abstract 
Background: Blood group incompatibility and G6PD deficiency are significant risk factors for developing neonatal hyperbilirubinemia. This study aimed to find a correlation between ABO and G6PD deficiency in predicting the development of significant hyperbilirubinemia among neonates in Ogbomoso North Local Government Area, Nigeria.
Methods: The study was a hospital-based longitudinal cross-sectional study among 471 neonates conducted in selected health facilities in two LGAs (North and South) of Ogbomoso over a period of 9 months. A multistage sampling technique was employed in the selection of subjects. General clinical assessment was done. Initial blood specimens were obtained via the umbilical cord for bilirubin test at birth. Then follow up specimen after 72hrs for Bilirubin estimation, blood group and G6PD assays. The data were analyzed using SPSS version 23.0.
Result: The mean value of cord bilirubin was 1.73 ± 0.85 and follow-up level of 5.79 ± 3.16, Four hundred and seventy-one babies were recruited, 20 had significant hyperbilirubinemia (≥ 12mg/dl), a prevalence of 4.2%. Ninety-six (20.3%) had ABO incompatibility among which 4(4.2%) had hyperbilirubinemia. Also, a prevalence of 23.5% for G6PD deficiency of which 3.6% have hyperbilirubinemia. There was no correlation between ABO Setup, G6PD Status, and development of significant Neonatal Hyperbilirubinemia at follow-up with a p-value of 0.966 and 0.702 respectively.
Conclusion: This study does not demonstrate correlation between ABO incompatibility setup; G6PD deficiency status and development of significant neonatal hyperbilirubinaemia ( >12mg/dl) at seventy two hours postnatal follow up.
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Introduction 
Blood ABO incompatibility is a condition in which newborn’s blood group/type is different from that of the mother. Blood typing is based on the antigen type present on the surface of the red blood cells.1 Non-matching blood type between mother and baby often results in hemolytic disease of the newborn and these babies are at risk of subsequent significant hyperbilirubinemia.2 It usually results from a mother with type O blood being pregnant with a baby with type A, B or AB. Type O blood has anti-A and anti-B antibodies which can react with A and B antigens presents on A and B blood types respectively.  
Blood group incompatibility between the mother and the infant is another significant risk factor for hyperbilirubinemia. ABO incompatibility is the most common type of blood group incompatibility and has been associated with an increased risk of hyperbilirubinaemia in newborns.2 A study conducted by Tavakolizadeh et al.,3 found that infants born to mothers over 30 years old had a higher risk of developing hyperbilirubinaemia than those born to younger mothers. Also, infants born to primiparous mothers were found to have a higher risk of hyperbilirubinaemia than those born to multiparous mothers.4
Glucose-6-phosphate dehydrogenase (G6PD) is an enzyme in the pentose phosphate pathway, responsible for production of NADPH and glutathione for protection of red blood cells against oxidative stress. And it is the most common genetic enzyme deficiency of the red cells5 with a prevalence of 47.7% among jaundiced neonate in southwest Nigeria.6 
G6PD deficiency is the leading cause of significant neonatal jaundice7 and affected individual presents with hemolysis and jaundice when exposed to oxidant injury from infection or icterogenic agents such as naphthalene balls, mentholatum, drugs like sulphonamides, quinolones, quinine and primaquine.8 Therefore, this study aimed to find a correlation between ABO and G6PD deficiency in developing significant hyperbilirubinemia among neonates.


Methodology 
Study Design	
The study was a hospital-based longitudinal cross-sectional study among neonates conducted in selected health facilities in two LGAs areas of Ogbomoso over a period of 9 months. 
Sample Size Determination
Sample size was determined using Leslie-kish’s formula.9
n   =	z2pq
               d2
Prevalence from a previous study (55%).10
The calculated minimum sample size is 456.
Procedures 
A multistage sampling technique was employed in the selection of subjects for this study. General clinical assessment was done which include weight, length of neonates with physical examination for jaundice.
Initial blood specimens were obtained via the umbilical cord for bilirubin test at birth. Then follow up specimen after 72hrs for Bilirubin estimation, blood group and G6PD assays. 
Bilirubin kits using spectrophotometry method was used to assay for total and conjugated bilirubin. Blood group of the neonates were determined using standard ABO blood typing procedure using antisera, while assay for G6PD activity was by a qualitative in vitro test using spectrophotometry. 
Mother’s blood group was retrieved from the records in the mother’s folder as these were part of the routine test done at booking or during antenatal visits.
Data Analysis
Patients’ information obtained using proforma were manually sorted out and entered on Microsoft excel sheet, data were screened for errors and incompleteness. The data were analyzed using Statistical Package for the Social Sciences (SPSS version 23.0) for Windows. Data were represented using tables and/or charts. Cord bilirubin and bilirubin/albumin ratio were represented by mean and standard deviation. Blood group, G6PD status, and mode of delivery were represented with frequencies and proportions.
Ethical Clearance
Ethical clearance was obtained from the ethical review committee of LAUTECH Teaching Hospital Ogbomoso, Oyo State. Nigeria.


Results 
Of the 471 subjects recruited for the study, 243 (51.6%) were males and 228 (48.4%) were females. The mean and standard deviation of anthropometric parameters of the subjects, with birth weight, length, and Pondera index of 3.19 ± 0.42, 47.50 ± 3.48 and 3.07 ± 0.82 respectively. Table 1.
Table I: Anthropometric Parameters of the study population
	Anthropometric parameters
	Mean +SD

	Birth Weight
	3.19 ± 0.42

	Length (cm)
	47.50 ± 3.48

	Pondera index
	3.07 ± 0.82



Significant Neonatal Hyperbilirubinemia (≥ 12mg/dl) was recorded in 20 (4.2%) of Neonates after 72hours of life. The mean value of cord bilirubin was 1.73 ± 0.85 and follow-up level of 5.79 ± 3.16 table II.
Table II: Mean and Range of Cord Bilirubin, and Follow up Bilirubin Level
	
	Range (mg/dl)
	Mean +SD

	Cord blood bilirubin
	0.04 – 6.14
	1.73 ± 0.85

	
Follow up bilirubin level 
	
0.250 – 14.92
	
5.79 ± 3.16 



Only ninety-six 20.3% (96) had ABO incompatibility among which 92(95.8%) had normal bilirubin values and 4(4.2%) had hyperbilirubinemia. Also, of the total sample, only 111 had G6PD deficiency (23.5%), of which 4 (3.6%) have hyperbilirubinemia. 
[bookmark: _Hlk172742546]There was no correlation between ABO Setup, G6PD Status, and development of significant Neonatal Hyperbilirubinaemia at follow-up with a p-value of 0.966 and 0.702 respectively, table III.


Table III: Relationship between ABO status, G6PD Deficiency and significant neonatal 	hyperbilirubinaemia at 72-96 hours of life
	N = 471
	Follow up Bilirubin (mg/dl)
	P value

	
	<12mg/dl
	12mg/dl
	

	ABO Setup
	N (%)
	N (%)
	

	No
	359 (95.7)
	16 (4.3)
	0.966

	Yes
	92 (95.8)
	4 (4.2)
	

	
	
	
	

	G6PD Assay
	
	
	

	Normal 
	344 (95.6)
	16 (4.4)
	0.702

	Deficient
	107 (96.4)
	4 (3.6)
	



Neonates with ABO incompatibility shows increased sensitivity and reduced specificity (75%, 43.48%) compared to those without (56.25%, 47.91%) and the total sample population (60.0%, 46.78%).
The effect of G6PD Status on prediction of significant neonatal hyperbilirubinaemia shows that neonates without G6PD Deficiency have higher sensitivity and specificity (62.5%, 47.38%) compared to those with G6PD Deficiency (50.0%, 45.79%) and total sample population (60.0%, 46.78%).
Table IV:  ABO Setup and neonatal G6PD status prediction of significant neonatal 			      hyperbilirubinemia 
	
	
	Area Under Curve
	P value
	Confidence Interval
	Cutoff value
	Sensitivity
	Specificity
	PPV
	NPV

	
	
	
	
	Lower Bound
	Upper Bound
	
	
	
	
	

	ABO Setup
	No
	0.516
	0.8235
	0.464
	0.568
	0.38
	56.25
	47.91
	4.6
	96.1

	
	Yes
	0.609
	0.355
	0.504
	0.707
	0.38
	75
	43.48
	5.5
	97.6

	
	
	
	
	
	
	
	
	
	
	

	G6PD Assay
	Normal
	0.534
	0.610
	0.481
	0.587
	0.38
	62.5
	47.38
	5.2
	96.4

	
	Deficient
	0.540
	0.843
	0.443
	0.635
	0.38
	50.0
	45.79
	3.3
	96.1




Discussion 
Significant Neonatal Hyperbilirubinemia (≥ 12mg/dl) was observed in 20 neonates 72hours of life given a prevalence of 4.2% in this study lower compared to a prevalence of 15%11 from another study in a tertiary hospital in Southwestern Nigeria. This wide disparity could be due to difference in sample size for respective studies. A scoping review of neonatal jaundice between 1960–2014 found that one in five neonatal admissions were due to significant neonatal hyperbilirubinemia.12The leading causes of Significant Neonatal Hyperbilirubinemia reported were G6PD deficiency, ABO incompatibility, sepsis and prematurity/low birth weight, singly or in combination.12  
However G6PD deficiency was the leading cause in the vast majority of the studies. Findings from index study revealed a prevalence of G6PD deficiency at 23.5%, of which only 3.6% have hyperbilirubinemia. The prevalence of G6PD deficiency has been reported in various studies. Williams et al.,13 in a study of glucose-6-phosphate dehydrogenase deficiency in Nigerian children reported overall prevalence of 15.3% lower than our findings while a similar study among children at the emergency unit of Usmanu Danfodiyo University Teaching Hospital, Sokoto reported a prevalence of 14.4%, with predominance of male affectation.5 A prevalence of 47.7% was found among jaundiced neonate in an Oshogbo study6 which in contrast to our findings.
Also, ABO incompatibility prevalence of 20.3% was observed from the total subjects, among which the majority had normo-bilirubinemia and only 4.2% had hyperbilirubinemia. Although ABO incompatibilities remain an important risk factor to developing jaundice however a poor predictor of significant hyperbilirubinemia. 
Furthermore, there was no correlation between ABO Setup, G6PD Status, and development of significant Neonatal Hyperbilirubinemia at follow-up. The effect of G6PD Status on prediction of significant neonatal hyperbilirubinemia shows that Neonates without G6PD Deficiency have higher sensitivity and specificity compared to those with G6PD Deficiency. Also, neonates with ABO incompatibility shows increased sensitivity and reduced specificity compared to those without.
The study explored the effect of ABO and G6PD status in predicting significant hyperbilirubinemia, however G6PD status of the babies did not predict significant hyperbilirubinaemia at follow up. This could be attributed to the difference in the pathogenesis of significant hyperbilirubinaemia in ABO incompatible and G6PD deficient neonates. In ABO incompatible neonates, preformed maternal immunoglobulin-G (Ig-G) cross the placenta to hemolyze fetal red blood cells in utero, while significant hyperbilirubinaemia in G6PD deficient babies results mainly because of exposure to icterogenic agents in the post-natal period. 
Conclusion 
This study does not demonstrate correlation between ABO incompatibility setup; G6PD deficiency status and development of significant neonatal hyperbilirubinaemia ( >12mg/dl ) at seventy two hours postnatal follow up.
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