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ABSTRACT: Background: Jaundice is a common presentation in childrehet.iniversity of llorin Teaching Hospital, with a
variety of underlying causes including glucose-@&gphate dehydrogenase (G6PD) deficieddyns of Study: To determine the
prevalence of G6PD deficiency in children presemntiith Jaundice in llorin, and whether routine serieg for G6PD deficiency
would be advisable in children presenting with #ice Patients/M ethods: One hundred children were recruited into the study
over a period of one year. The children (male ardale) were aged between one day and 15 yearsawitban age of 4.8 + 5.
Screening for G6PD deficiency was carried out usireg methaemoglobin reduction method of BreviResults: The overall
prevalence of G6PD deficiency in children presantiith Jaundice was 43.0 percent. Prevalence iesnahs 50.0 percent and
28.1 percent in female€onclusion: The finding in this study indicates that childrenthe age group one day to 15 years
presenting with jaundice at llorin have an oved&l0 percent [males (50 percent) and females (@&.dent) chance of having
G6PD deficiency, as the underlying cause of thaingice. This justifies the need for G6PD screeminghildren presenting
with jaundice.
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Introduction

Glucose-6-phosphate dehydrogenase (G6PDYysomlasmic enzyme that is essential for red aaisacity to
withstand oxidant strest. represents less than one part in 20,000 of theejm of the cell. The enzyme catalyses
the first step in the hexose monophosphate patipn@ducing reduced nicotinamide adenine dinucleqtitesphate
(NADPH); this is responsible for the generation am@intenance of reduced glutathione (GSH). Reduced
glutathione (GSH) protects the red cell membranereemoglobin from the deleterious effects of otara?

The G6PD enzyme deficiency belongs to a groupeoéditary abnormalities and in this case, theviagtof the
erythrocyte G6PD enzyme is markedly diminishedhie tange of 8-20 percent of normal. The normalresiee
range being 65-150 percent.
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The normal enzyme is designated as G6PDB. Tdysesents the most common type encountered in all
population groups. Among the persons of Africancdas a mutant enzyme with normal activity known as
G6PDA+ is prevalent. The African deficiency typeliasignated G6PDA:>°
The prevalence of G6PD deficiency varies widelyrfrbeing very rare in the indigenous populationdofthern
Europe to frequencies of about 20 percent in pafriSouthern Europe, Africa and Asia; and up to 4€cent in
some areas of Southern East Asia and the Middie’Ea%

G6PD enzyme deficiency affects an estimat@ miillion people worldwidé,®an estimated 21 percent of the
male population was reported to be G6PD defici&&RDA- type) in Nigeria: ® *°This high frequency of G6PD
Deficiency suggest that G6PD Deficiency confergladtive advantage in many population. Many stubeese also
shown that resistance to malaria could have aceduor this high frequency.

Variable results had been published with regardbecassociation between G6PD deficiency and tkeldpment
of jaundice in neonate. Almed et al reported 4G@et; Owa reported 62.3 percent; Sodeinde et pgrred 30.9
percent; while Uko et al, reported 38 percgnit: 14151617

Haemolytic anaemia and hyperbilirubinaemia #re two major clinical consequences of G6PD emzym
deficiency.” In view of this fact, coupled with the frequenegentation of anaemia and jaundice amongst children
in this environment, the idea of this study wasamived to determine the local prevalence of G6Pficidéacy
among children presenting with jaundice in llorin.

Materials and M ethods

The study was carried out in the departmémaematology, general out patients departmentdapartment of
paediatrics, University of llorin Teaching Hospjtaligeria. The subjects for this study included enahd female
children from one day to 15 years old, who hadicdihevidence of jaundice. Subjects who were tigses in the
previous 6 weeks and premature babies presentiigavindice were excluded from this study.

Clearance was obtained from the Ethical Cademiof the hospital. Informed consent was alsaiobt from
the mothers of these children after adequate eapitanand education of what the study entails.

Sample collection

One hundred children were recruited intoghely conducted over a period of one year. Thrgen{litres of
blood sample was obtained from the ante cubitah weiinfants and young children, and superficiainven the
dorsum of the hand in neonates, after adequatsegtit preparation. This procedure was carried byuthe
paediatricians. The specimen was collected intcispen bottle containing ethylene diamine tetra iacatid
(EDTA) as anticoagulant. G6PD screening was caroigdwithin 6 hours after collection. Other invgations
done included Haemoglobin concentration, reticulecpunt, Hb electrophoresis and serum bilirubi) (S

G6PD screening, reticulocyte counts and Hiceatration were repeated 6 weeks later for subjpbio were
G6PD deficient and had high reticulocyte count gihe crisis period. The G6PD results considerettwarried
out post haemolytic period when subjects were istadble state condition. The initial G6PD screeniagults
obtained on first contact served as an additiooatrol for subjects re-screened post crisis peaiod thus assisted
further in categorizing subjects.

M ethods
G6PD screening and status was determined pammoglobin reduction method of Brewef. &  Hb
determination was carried out using the sysmex anédyser model KX 21 while reticulocyte count veasried out
by visual method’ Hb electrophoresis was carried out only amongesiz> 6 months old.
Statistical Analysis
Data analysis was by the inferential stiatidtmethods employing the chi-square tests andestis t-test. The

statistical significant of the data was based oralpe < 0.05. All data analysis was done on a cdermtatistical
package with the EPI INFO version 6.0 software.
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Results

Results of sixty-eight (68) males and thise (32) females were analysed. The mean age oasubgects was
4.8(SD5.0) years. Table 1 shows the age distributiosubjects screened for G6PD. Of the one hundubjbcts
screened for G6PD Deficiency, the neonates forhedargest group while the pre-school Children fedrthe least
populated group.

Table 2 shows thielean values of Haemoglobin concentration and Rietogtie count in G6PD deficient and
G6PD normal subjects. The mean Hb for G6PD deficseibjects was 11.4g/dl (SD3.5) and 11.1g/dl (SPp&#®
G6PD normal subjects. The difference was not sizdity significant (P = 0.76). The overall meamsa bilirubin
for G6PD deficient subjects was 115umol/l (SD87a6H 97.8umol/l (SD94.6) for G6PD normal subjectse T
difference was not statistically significant (P =380). Similarly, the mean reticulocyte count wal% (SD1.9)
among G6PD deficient subjects and 2.9% (SD3.9) G normal subjects. The difference was not sicaiby

significant (P = 0.76).

Table 1: Status and age distribution of subjeatsested for G6PD

Age Group G6PD Deficient Subjects Normal Subjects otall
1 - 28 Days 13 34.2 25 65.8 38
1-5Yrs 10 45.6 12 54.5 22
6 —10 Yrs 13 68.4 6 31.6 19
11 -15Yrs 7 33.3 14 55.7 21
Total 43 43.0 57 57.0 100.0

Table 2: Mean values of Haemoglobin concentration and Rietigie count in G6PD deficient and G6PD normal
subjects

Parameters G6PD Deficient Subjects* Normal Subfects P-Value
Hb (g/dI) 11.4 (3.5) 11.1 (3.9) 0.76
Reticulocyte count (%) 2.8 (1.9 2.9(3.9) 0.76
SB (umol/l) 115.6 (87.6) 97.8 (94.6) 0.38

*Figures represent the mean (with SD in parentheses

Table 3 shows Hb Electrophoresis pattern asubjects screened for G6PD. Thirty eight (38)extb of the
one hundred subjects were age < 6 months old anel exeluded from Hb electrophoresis. Of the renmgjrixty
two (62) subjects, fourteen (14) were HbSS and dwiky (2) of the fourteen subjects with HbSS, wer@PG
deficient. Table 4 shows status and sex distrilbbutib subjects screened for G6PD. The prevalenaeisahigher
amongst Males than females.

The overall prevalence of G6PD deficiency amahildren studied was 43.0 [males (50 percentl) famales
(28.1 percent). In percentage prevalence of G6Pfixieecy subjects, stratified by age, there is adgial increase
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in the prevalence rate which peaked around thegemep of six (6) to ten (10) years and gradualpetad. This is
shown in Table 1 and Figure 1.

Figure 1:Age distribution of subjects screened for
G6PD
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Table 3: Hb genotypes among 62 subjects screem&aldPD by electrophoresis

Status G6PD Deficient Subjects* Normal Subjects* taro
AA 15 (68.2) 10 (25.0) 25
AS 4(18.2) 15 (37.5) 19
SS 2(9.1) 12 (30.0) 14
sc 1 (4.5) 3(7.5) 4
Total 22 (100.0) 40 (100.0) 62

*Figures represent the absolute figures (with peiages in parentheses).
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Table 4: Sex distribution of subjects screened¥6PD

Sex G6PD Deficient Subjects Normal Subjects Total
No Percent No Percent

Male 34 50.0 34 50.0 68

Female 9 28.1 23 71.9 32

Total 43 57 100.0

Discussion

Glucose-6-phosphate dehydrogenase deficisnaymajor cause of severe anaemia among childrdfigeria
with significant morbidity:? This is so because of the widespread indiscriminae of oxidant agents in the course
of treating malaria and other related conditionshitdren including some agents often used in nesnand infants
in this environment:*

The overall prevalence of G6PD of 43.0 irs thtudy group (jaundiced subjects) is twice tharig21) obtained
by Kehinde and Akinyanju in a study conducted amtmgy healthy population subjects in Lagds This high
prevalence obtained in this study is however coatgarwith that of Ahmed et al in Zaria; which wasd among a
similar group of subject§. Likewise, the finding of 34.2 percent prevalenca@@onates in this study is similar to
studies by Sodiende ef3land Uko et al®

This variation in figures might be attributeal differences in the study population rather thifferences in
geographical location. This study also highlightieel pattern of prevalence of G6PD deficiency agnihve various
age groups. There is an indication of a graduakse in the prevalence rate with the highest decbin the age
group of six (6) to ten (10) years. This might aieoan indication that study conducted within @ser to this age
group with jaundice might be associated with a figvalence.

In this study, male subjects were much mdiected than the female subjects. This thus furtkaffirmed the
natural history of G6PD deficiency of being an Kkeéd recessive disorder, and the fact that onlyerhamizygotes
and female homozygotes are most often affectednalee heterozygotes who are G6PD deficient, acqutine!
through the phenomenon of normal X-chromosome ivatin of the Lyon-HypothesiS.

The commonest presentations of patients @BFD deficiency especially during the crisis peréod recurrent
haemolytic anaemia, low haemoglobin concentratiod high reticulocyte count. It is possible therefothat
apparent G6PD normal subjects could have been Gé€fizient if screening test was conducted before a
haemolytic crisis while also appearing G6PD norinahe immediate post haemolytic period. The exaten for
this scenario is that the older red cells with i6a8PD activity are selectively destroyed duringmalytic attack
and the apparent increase in G6PD activity is &rémhanced by reticulocyte respofise.

In this study, only G6PD results during pbaemolytic period when subjects were in a stabledition were
considered. This is reflected in the mean Hb comagon of 11.4g/dl (SD3.5) for G6PD deficient sedts and
11.19/dl (SD3.9) for G6PD normal subjects; anchie tnean reticulocyte count of 2.8% (SD1.9) for GGRificient
and 2.9% (SD3.9) for G6PD normal subjects. Theaubin levels of 115.2umol/l (SD87.6) for G6PD dadfitt
subjects and 97.8umol/l (SD 94.6) for G6PD normas wot statistically significant. Likewise, theihibin level in
those with and without haemoglobinopathy was natisttcally significant. It is important to condubis screening
using MRT in the post haemolytic period when highiculocyte counts of crisis period have normalized
Conducting screening during post haemolytic penwauld significantly eliminate false positive resuland
erroneous high prevalence rate.

This study is limited by the qualitative methof methaemoglobin reduction screening test eyaploThis is in
view of its sensitivity and specificity as well & conflicting reports of its sensitivity as refgatin some studi€s.
Methaemoglobin reduction screening test howeveranesna useful reliable alternative especially iveleping
countries like ours; where resources are limitedl\@here cost of routine screening of G6PD is aness
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Conclusion

The prevalence of G6PD deficiency among childpresenting with jaundice in llorin is high. THigure
therefore clearly indicates that there is a 43 gatrchance for children presenting with jaundicéhie age group in
llorin, to have the underlying predisposition asRB6deficiency. In view of the high prevalence rafeG6PD
deficiency among jaundiced subjects in this ststyeening for G6PD deficiency will be a very usdgst in the
differential diagnosis of jaundice in that age gro8creening for G6PD deficiency should therefarénegrated as
part of the first line investigations for all chih presenting with jaundice and / or anaemia éalbein this age
group.

This finding will also provide the health eagivers the necessary information about the Ipoavalence, and
the need to be more cautious on their choices efitagn order to avoid the complications of haemislyn patients
who are G6PD deficient. Also, this information wibwdive the health care professionals the groundstablish
counselling units within the hospital for parentst@se children.

Future prevalence study of G6PD in this esvinent using quantitative method might be requicedccurately
determine the prevalence rate among jaundiced &isbje

References

1. Ruwende C and Hill A: Glucose-6-Phosphate dehydrage deficiency and malaria. J. Mol-Medicine. 1988581-588

2. Report of WHO Scientific Group Standardization oebéedures for the study of Glucose-6-phosphatedtelggnase, Who
Tech Rep. Ser 366, 1966

3. Martin JDW, Mayer PA, and Rodwell VW: Heper's rewief Biochemistry, ¥ ed. 1983; pp 174-175

4. Terzic J, Kizely V et al: Genetic analysis of thki€@se-6-phosphate dehydrogenase in Southern CalisAntropol.
1998; 22:485-489

5. Gallego G, Garrido F, Bautiste AJM: Structural Dx$éeUnderlying Protein Dysfunction in human Glucésphosphate
dehydrogenase (A-) deficiency. J. Biol-Chem. 20(5:9256-9262

6. Ernest B. G6PD: Population genetics and clinicahisfastation. Blood review. 1996; 10: 45-52

7. Luzzatto L and Gordon-Smith EC: Inherited haemolgihaemias, In: Hoffbrand V, Mitchel SL, Tuddenha@®D, editors.
Postgraduate Haematolog) dd. Oxford: Butterworth Heinermann, 1999; pp 138-1

8. Marcela C and Hewitt PE: Clinical blood transfusidn: Hoffbrand V, Mitchel SL, Tuddenham EGD, ed#o
Postgraduate Haematolog) dd. Oxford: Butterworth Heinermann. 1999; pp 233-2

9. Djeasssi L: Haemolytic crisis in G6PD deficiencylividual in the occupational setting. Int-Arch-OpeBnviron-Health.
1998; 71: 26-28

10. Kehinde MO and Akinyanju OO: Glucose-6-phosphateydeogenase deficiency. A review and proposal tocontrol in
Nigeria. Nig. Med. Pract. 1991; 21: 47-51

11. Beutler E: Glucose 6 Phosphate dehydrgenase deficiand other red cell enzymes abnormality. In:telE, Lichman
MA, Coller BS, Kipps TJ, Seligsohn U, editors. Withs Haematology'ed. McGraw-Hill Professional. 2000; pp 78-79

12. Ahmed H, Yakubu AM and Hendrickse RG: Neonatal dismsin Zaria, Nigeria: a second prospective studyn Trop
Paediatr. 1995; 1: 15-23

13. Kuti RO: Problems of paediatrics emergencies ineNa& Nig. Med. J. 1970; 2: 62-70

14. Owa JA: Relationship between exposure to icteragegents, Glucose-6-phosphate dehydrogenase deficiand
Neonatal jaundice in Nigeria. Scand. 1989; 78: 888-

15. Sodeinde O, Chan MC, Maxwell SM, Fumilusi JB anchéttickse RG: Neonatal jaundice, Aflatoxins and MaptReport
of a study in Ibadan, Nigeria. Ann Trop Paedia®9%; 1: 107-13

16. Uko EK, Agwunobi SN, Udoh JJ: Glucose-6-phosphatieydrogenase level in jaundice neonates in Cal&bgriMed.J.
2003; 12: 98-102

17. Dacie JV and Lewis SM. Basic haematological techesq In: Practical Haematology™ %d., Singapore: Longman
Singapore Publisher. 1995; pp 61-63

18. Luzzatto L: Investigation of the hereditary haenticlanaemias: membrane and enzyme abnormalitie®doie JV and
Lewis SM. Practical Haematology" &d., Singapore: Longman Singapore Publisher. 189207-208

19. De Gruchy GC: The haemolytic anaemias: Drug-Indudadmolytic Anaemia due to Glucose-6-phosphate dielgenase
deficiency. In: Pennington D, Ruch B, Castaldo &itoes. Clinical Haematology in Medical Practic® &d., Oxford,
London, Edinburgh and Australia: Blackwell ScieiatPublications. 1986; pp 349-352

20. Essien AU and Reem A: Glucose-6-Phosphate Dehydesge Deficiency in Kuwiat, Syria, Egypt, Iran, Jmdand
Lebanon. Hum Hered. 2000; 50: 158-161

21. Luzzatto L and Gordon-Smith EC: Inherited haemolgihaemias, In: Hoffbrand V, Mitchel SL, Tuddenha@®D, editors.
Postgraduate Haematolog{) dd. Oxford: Butterworth Heinermann. 1999; pp 1781

26



