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The most common causes of neonatal indirect hyperbilirubinemia are
blood incompatibility and erythrocyte enzyme defects. Glucose-6-phosphate
dehydrogenase (G6PD) is a guarantee of erythrocyte stability and capability
of existence of red cells. We present here the results of a study on the effect
of enzyme kinetics and different mutations on neonatal hyperbilirubinemia
in the Cukurova region.

Two hundred healthy term male neonates born in Cukurova University Balcali
Hospital, Adana Maternity Hospital and Cukurova Maternal and Children’s
Hospital between 1 November 2004 and 30 November 2007 were consecutively
studied. Nanogen® DNA microarray was used to determine Gd Union, Gd
San, Gd Mediterranean, and Gd San Antonio mutations. Quantitative G6PD
enzyme assays were performed.

Glucose-6-phosphate dehydrogenase deficiency was detected in six out of
200 male neonates (3%). The other 194 neonates had normal G6PD activity,
with a mean of 8.3+2.1 IU/g hemoglobin (Hb) (5.2-12.7 IU/g Hb). Clinical
follow-up, enzyme kinetics and genetic studies were performed in the G6PD-
deficient neonates.

Differences were observed in clinical outcomes, rates of bilirubin decline and
maximum total bilirubin levels in the neonates having the same mutation.
These differences might be caused by the effects of kinetic variant on the
hyperbilirubinemia without the direct effect of the mutation. In future studies,
mutation analyses of further G6PD-deficient cases may address the genotype
differences and their clinical effects in G6PD-deficient patients.
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The most common causes of neonatal indirect
hyperbilirubinemia are blood incompatibilities
and erythrocyte enzyme defects. Glucose-6-
phosphate dehydrogenase (G6PD) deficiency
was first discovered in the mid-1950s. G6PD
is the rate-limiting enzyme and catalyzes the
first reaction in the pentose phosphate pathway.
G6PD is a guarantee of erythrocyte stability
and capability of existence of red cells. The
incidence of G6PD deficiency in the Cukurova
region was reported as 10-11.5% in previous
studies!.

Four hundred forty-four different G6PD
variants are documented on the basis of the
World Health Organization (WHO) criteria
(biochemical, kinetic and clinical parameters)2.
The most common variant in the world that is
used to describe the other variants is Gd B+.
Gd Mediterranean is another mutation frequent
in Caucasians in the Mediterranean region and
has a normal movement in electrophoresis and
0-10% activity3.

A study from Malaysia demonstrated that
although G6PD Viancghan, G6PD Mahidol and
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G6PD Mediterranean are common mutations in
the cord blood of neonates in Malaysia, there
is no significant difference in the incidence of
jaundice among the neonates with different
mutations#.

We present here the results of a study of
the effects of enzyme kinetic and mutation
differences on the severity of neonatal
hyperbilirubinemia and the incidence of G6PD
variants among neonates in the Cukurova
region.

Material and Methods

Two hundred healthy term male neonates
born in Cukurova University Balcali Hospital,
Adana Maternity Hospital and Cukurova
Maternal and Children’s Hospital between 1
November 2004 and 30 November 2007 were
consecutively studied. Neonates who were
born preterm or small-for-gestational age or
with congenital malformations, meconium
aspiration, or prenatal asphyxia due to blood
gases in the first hour of life were excluded.
Five ml of cord blood samples collected in
EDTA from each neonate in the delivery room
for routine screening of G6PD deficiency were
used for determination of G6PD kinetics, and
peripheral blood leukocytes were used for
DNA analysis.

Hemogram, direct Coombs test, serum total
bilirubin, direct bilirubin levels, reticulocyte
count, and blood group of the infants diagnosed
with G6PD deficiency and blood groups of their
mothers were studied. Serum total bilirubin,
direct bilirubin and hematocrit levels were
studied at the 3rd, 5th, 7th, 10th and 15th
days of life.

Therapeutic indications for phototherapy and
exchange transfusion for jaundiced neonates
were based on the recommendations of the
American Academy of Pediatrics®.

Nanogen® DNA microarray was used to
determine Gd Union, Gd San, Gd Mediterranean,
and Gd San Antonio mutations.

Quantitative G6PD enzyme assays were
performed according to the method described
by Beutler®.

Glucose-6-phosphate dehydrogenase activity
assays were performed in accordance with
the WHO recommendations?. Five ml of

Role of G6PD in Neonatal Hyperbilirubinemia 131

citrated blood was centrifuged at 3000 rpm
for 5 minutes (min), and the supernatant was
washed with normal saline twice with removal
of buffy coat. The hemolysate supernatant
was used for G6PD enzyme activity study by
adding 50 ul of hemolysate to a 950 ul assay
containing buffer A (I M Tris buffer pH 8.0,
0.1 M MgCl,), glucose-6-phosphate (6 mM,
Sigma) and NADP (2 mM, Sigma). The rate
of NADPH generation was measured at 340
nm at 30°C for 10 min. The average change
of optical density per minute was calculated
to determine the activity of the G6PD enzyme.
The G6PD activity was calculated and reported
as IU per gram hemoglobin (Hb).

Purification of the Enzyme with DE-52
Cellulose

The columns (2x10 cm) were filled with DE-52
cellulose gel and washed with buffer A until the
pH of the column was 7.0. After the addition
of the hemolysate supernatant, proteins not
attached to columns were washed with buffer
A, while column-attached proteins were washed
with 0.25 M KCl-added buffer A and collected
as 3 ml fractions. The partially purified enzyme
was studied for kinetic parameters.

Kinetic Study

Km G6P and NADP were determined at the
Lineweaver-Burk curve with utilization of 20-
200 uL G6P and 40 uL. NADP. 6 mM 2dG6P,
6 mM Gal6P, 2 mM NAD, and 2 mM dNADP
were used to determine usage of the % and
optimum pH.

In our laboratory, the normal value of cord
blood G6PD activity was 8= 2.2 IU/g Hb in
normal neonates (mean + standard deviation
[SD]). G6PD deficiency was identified when
the activity was <5 IU/g Hb.

Results

Glucose-6-phosphate dehydrogenase deficiency
was detected in six out of 200 male neonates
(3%). The other 194 neonates had normal
G6PD activity, with a mean of 8.3+2.1 IU/g
Hb (5.2-12.7 IU/g Hb). Clinical follow-up,
enzyme kinetics and genetic studies were
performed in the G6PD-deficient neonates.
Clinical characteristics are given in Table
I. Three enzyme-deficient neonates had Gd
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Mediterranean mutation (Fig. 1). Two of the
neonates with Gd Mediterranean mutation
had pathological hyperbilirubinemia and
had phototherapy while one neonate had
physiological hyperbilirubinemia without any
need for treatment. Hemolysis proven by a
hematocrit decrease or reticulocyte count
increase was not detected in any of the mutant
neonates. One of the Gd Mediterranean
mutation-negative G6PD-deficient neonates had
pathological hyperbilirubinemia necessitating
exchange transfusion, while two other non-
mutant neonates did not need any treatment
for jaundice.

Kinetic study results are given in Table II. Km
G6P was between 6.8-555.7 uM and Km NADP
was 10.6-167.8 uM. Analog use for dNADP,
NAD, Gal6P and 2dG6P was also studied, and
the results were 46.5-94, 0-182, 18-142 and
6.8-100, respectively.

Gd Union, Gd San and Gd San Antonio
mutations were not found. Enzyme kinetic
results of the patients were compared with the
mean levels of GdB+ and Gd Mediterranean of
WHO criteria and are also given in Table II.

Discussion

Glucose-6-phosphate dehydrogenase deficiency
is one of the most common inherited disorders

Fig. 1. Electrophoresis appearance of Gd Med mutation
. Male, hemizygote case with 3 bands, NEONATE O.K.
. Male, hemizygote case with 3 bands, NEONATE I

. Male, hemizygote case with 3 bands, NEONATE K

. Male, normal case with 2 bands, NEONATE G

. Male, normal case with 2 bands, NEONATE D

. Male, normal case with 2 bands, NEONATE F

. Marker

NO U N

The Turkish Journal of Pediatrics ® March-April 2011

of mankind, with more than 400 million people
being affected worldwide, predominating in
the tropics and subtropics of Asia, part of the
Mediterranean, and Papua New Guinea. The
world distribution of malaria is remarkably
similar to the world distribution of mutant
G6PD alleles, extending around the tropical
belt. Epidemiological and in vitro studies
indicate that this results from the selection
advantage period provided by G6PD deficiency
during Plasmodium falciparum infection’- °.

Although most affected individuals are
asymptomatic, there is a risk of neonatal
jaundice due to acute hemolytic anemia,
triggered by infection and ingestion of certain
drugs and notably through eating broad beans
(favism).

The mechanism of the hemolysis is not yet
exactly defined. Hemolysis of G6PD-deficient
red cells most probably results from an
increased susceptibility to oxidative damage.
During this hemolysis, erythrocyte damage
causes hemoglobinuria. A rare but more severe
form of G6PD deficiency is found throughout
the world and is associated with chronic
nonspherocytic hemolytic anemial0-13.

One of the most important complications
of G6PD deficiency and neonatal
hyperbilirubinemia is the high risk of developing
kernicterus. Therefore, it is important to
describe the relation of enzyme deficiency and
increased bilirubin in G6PD-deficient jaundiced
neonates.

Glucose-6-phosphate dehydrogenase deficiency
is the most common X-linked enzymopathy
in the world. The prevalence rate varied from
2% to 27% in different population groups!41.
Prevalence in neonates with hyperbilirubinemia
is 10-11.5%!®. In our study, the incidence in
male neonates was found as 3%.

Neonatal jaundice occurs in G6PD deficiency,
but it is likely that it is largely due to
impairment of liver function rather than
to hemolysis!7-18. In our patients, although
increased bilirubin levels indicating treatment
were demonstrated, hematocrit decrease due
to hemolysis was not noted.

Glucose-6-phosphate dehydrogenase deficiency
has genetic heterogeneity. The same mutation
in different patients may cause different clinical
symptoms; therefore, the same mutation
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Table II. Comparison of the Kinetic Findings of the Cases with GdB* and Gd Mediterranean Mutation
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7
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23-37

20

350

1.2-1.6

19-26

0-7

Gd Mediterranean
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may cause chronic hemolytic anemia or non-
hemolysis!?20. One of the three neonates in
this study with Gd Mediterranean mutation
did not have jaundice, with only two neonates
progressing to severe hyperbilirubinemia
requiring phototherapy. Two of three neonates
with mutations other than Gd Mediterranean
did not have jaundice, with only one neonate
progressing to severe hyperbilirubinemia
requiring exchange transfusion.

As the prevalence of G6PD deficiency became
appreciated, so did the degree of heterogeneity
of this enzyme, culminating in the publication
of biochemical characteristics of more than 400
reported variants and 140 molecular variants,
spreading through a wide geographic area.
While Gd Mediterranean is the most common
mutation in Mediterranean countries, Middle
Asia and Indian regions, Gd A- mutation is the
most common mutation in the African region?!.
As predicted early in this process, it appears
that the number of genuine variants is less
than the number defined through biochemical
analysis. This discrepancy has arisen because
some common variants have been given
different names when encountered in different
parts of the world, e.g. Gd Mediterranean
and Gd Dallas are shown to have the same
molecular mutations. On the other hand,
the opposite is also seen: Gd A-, which was
thought to be a single mutation, is shown to
have genetic heterogeneic structure. In addition,
without any enzyme deficiency, some structural
variants have been shown?22.

Gd Mediterranean is the most studied mutation
thus far among the 140 mutations. Keskin and
colleagues?3 reported 79% 563 T Mediterranean
mutations in G6PD-deficient subjects in
the Denizli region of Turkey. Luzzatto and
colleagues?? described the variant as a change
of C >T in the 563rd nucleotide on the 6th
exon of the enzyme324.

The most common mutation in our region
is the Gd Mediterranean variant. Although
the Gd Mediterranean variant causes severe
enzyme deficiency, it may sometimes not cause
hemolysis. In this study, the relation between
genotype and phenotype in G6PD-deficient and
especially Gd Mediterranean-mutant neonates
was investigated. The most severe phenotype
is reported to be due to Gd Mediterranean
and GD A- mutations. Three of our neonates
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had Gd Mediterranean, two of whom had
higher bilirubin levels. On the other hand,
the exchange transfused neonate did not
have Gd Mediterranean mutation, but might
have had some other mutations we could not
demonstrate.

Many parameters like G6PD activity, kinetic
studies in partial purified enzyme, use of
substrate analogs, thermo stability, and optimal
pH are used in variant analysis of the G6PD
enzyme. In this report, results of kinetic
analysis performed in neonates with decreased
enzyme activity are shown in Table IIL

One of our Gd Mediterranean mutation-negative
neonates had biphasic optimal pH reaction,
which is a characteristic of Gd Mediterranean
mutation?2>.

Analog use like Km G6P and Km NADP in
neonates with Gd mutation was different than
the standards recommended by WHO. This may
be due to different kinetic variants of the same
mutation. The differences in clinical outcomes,
rate of bilirubin decrease and maximum total
bilirubin levels in the same-mutant neonates
might be caused by the effects of kinetic variant
on the hyperbilirubinemia without the effect
of the mutation directly. Furthermore, some
other G6PD mutations that we could not study
may have had a role in the different clinical
presentations.

The limitation of this study is the number of
the patients. More patients could be included in
another study investigating G6PD mutations in
the severity of neonatal hyperbilirubinemia.

A neonate with undetected enzyme activity is
not able to live, in fact, but we did not have
any fatal complications in our neonates. There
may be some other proteins inhibiting the
enzyme activity and causing different kinetic
properties in the erythrocytes.

In future studies, more cases and more
mutation analysis may address the cause
of genotype differences in G6PD-deficient
patients.
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