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Abstract

Background: Glucose-6-Phosphate Dehydrogenase
(G6PD) deficiency is one of the most common inherited
disorders of mankind; more than 400 million people are
affected worldwide, and it is a major health problem in Egypt.

Aim of Work: To study some predictors of severe hemolysis
in children with glucose-6-phosphate dehydrogenase deficiency
and the degree of DNA damage in these patients.

Patients and Methods: Seventy-two patients with G6PD
deficiency admitted with acute hemolytic attacks to Diarb
Negm Central Hospital-Sharkia Governorate, Egypt-over a
period of 1 year from 1 st May 2014 to 30th April 2015. We
collected demographic data, details of signs and symptoms;
special attention was given to history of fava bean ingestion,
history of drug use or history of recent infection, history of
neonatal jaundice, family history of G6PD deficiency disease,
abdominal pain, vomiting or fever at admission and the results
of tests for hemoglobin, reticulocytic count, hepatic function,
GO6PD enzyme activity and detection of DNA damage by
DNA extraction, purification and agarose gel electrophoresis.
We classified patients into mild and severe groups based on
hemoglobin levels at admission. The mild cases were consid-
ered as the control group.

Results: 72 children with G6PD deficiency admitted with
acute hemolytic attacks were included in this study, 52 (72%)
patients with severe hemolysis and 20 (28%) patients with
mild hemolysis (control group). There were no statistically
significant differences in many factors between the two groups,
but some factors were detected to have statistical significance
for severe hemolysis included younger age (p<.0001), male
gender (p<.0001), presence of fever at admission (p<.0001),
presence of vomiting (p<.0001) and abdominal pain (p<.0001)
during the attack, higher Alkaline Phosphatase (ALP) (p
<.0001), Aspartate Aminotransferase (AST) (p<.0001), Lactate
Dehydrogenase (LDH) (p<.0001) and Total Serum Bilirubin
(TSB) (p<.05). DNA damage was significantly higher in the
severe cases compared to the mild cases (p<.0001).

Conclusion: Severe hemolysis can be predicted during
hemolytic episodes in children with G6PD deficiency by
young age, male gender, the presence of abdominal pain,
vomiting and fever, high levels of ALP, AST, LDH enzymes
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and elevated TSB. This severe hemolysis predisposes patients
to higher degree of DNA damage.

Key Words: Predictors of severe hemolysis — G6PD — ALP
— LDH — DNA.

Introduction

GLUCOSE -6-Phosphate Dehydrogenase (G6PD)
is a ubiquitously expressed enzyme that has a
housekeeping role in all cells and is particularly
critical to the integrity and functioning of Red
Blood Cells (RBCs). The G6PD gene has many
mutant alleles which entail a decrease in enzyme
activity, expressing the G6PD deficient phenotype.
This trait is widespread in many human populations
in whom several of the underlying mutant alleles
are present at variable polymorphic frequencies
[1]. G6PD is an enzyme that catalyzes the first
reaction in the pentose phosphate pathway, provid-
ing reducing power to all cells in the form of
reduced form of Nicotinamide Adenine Dinucle-
otide Phosphate (NADPH). NADPH enables cells
to counterbalance oxidative stress that can be
triggered by several oxidant agents, and to preserve
the reduced form of glutathione. Since red blood
cells do not contain mitochondria, the pentose
phosphate pathway is their only source of NADPH;
therefore, defense against oxidative damage is
dependent on G6PD [2]. G6PD deficiency is the
most common hereditary enzyme deficiency re-
ported so far [3]. This enzyme deficiency has af-
fected more than 400 million people around the
world. Due to the process of the natural selection,
most cases of illness are observed in tropical regions
of Africa, the Middle East, tropical and subtropical
regions of Asia and the Mediterranean basin [4].
There are 186 different mutations in the G6PD
gene, found at the q28 locus on the X chromosome,
that have been identified and can lead to G6PD
deficiency mainly through a decrease in the stability
of the enzyme. The result is a range of G6PD
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phenotypes, ranging from severe to mild enzyme
deficiency or even normal enzyme activity. Defi-
ciency is mainly manifested in hemizygous males,
with heterozygous females displaying varying
levels of enzyme deficiency and homozygous de-
ficient females being rare [5]. Severe hemolysisin
patients with glucose-6-phosphate dehydrogenase
deficiency can be predicted during hemolytic epi-
sodes in children with low G6PD by young age,
male gender, a negative family history of G6PD
deficiency, the presence of fever and vomiting and
a high Alkaline Phosphatase (ALP) enzyme [6].
Increased Deoxyribonucleic Acid (DNA) damage
may be the result of deficient detoxification of
reactive oxygen species by glutathione and may
ultimately account for the higher rate of apoptosis
in G6PD-deficient mononuclear cells [7]. Data
about predictors of the severity of hemolysis and
the reflection on DNA damage among G6PD defi-
cient children are scarce, hence this work was
designed.

Aim of study: To study some predictors of severe
hemolysisin children with glucose-6-phosphate
dehydrogenase deficiency and the degree of DNA
damage in these patients.

Patients and M ethods

This study included 72 children with G6PD
deficiency (66 males and 6 femal es) attended to
Emergency Department of Diarb Negm Hospital,
Sharkia Governorate, Egypt; with an acute hemo-
lytic attack at the period starting from 1 st May
2014 to 30th April 2015, their ages ranged from
1.5-13 years, all patients were confirmed cases of
G6PD deficiency (previously diagnosed or recently
diagnosed). According to their hemoglobin level
at the time of admission the studied patients sub-
divided into 2 groups [6,8] : To assess the predictors
of severity, patients were divided into two groups
based only on their hemoglobin at the time of
admission. If it waslessthan <5g/dl, it was regarded
as severe hemolysis and if more it was regarded
as mild hemolysis.

Inclusion criteria: Patients presented with a
suggesting history and clinical picture of acute
hemolysis and low hemoglobin level and either
known cases of G6PD deficiency or expected to
be G6PD deficient to be confirmed later by enzyme

activity assay.

Exclusion criteria: Patients presented with
clinical picture of acute hemolysis due to other
causes of acute hemolysis (auto immune hemolytic
anemia).

Included patients were subjected to detailed
history and through clinical examination, in history,
special emphasis was given to age, sex, residency
and social level, history of recent fava beansin-
gestion, history and type of recent drug intake or
chemical exposure, history of recent infection,
presence of fever, abdominal pain or vomiting,
past history of neonatal jaundice, family history
of the disease.

Laboratory investigations: Laboratory investi-
gations included CBC and reticul ocytic count using
AC920 Autocounter, quantitative colorimetric
measurement of serum Alkaline Phosphatase
(ALP), Alanine Aminotransferase (ALT), Aspartate
Aminotransferase (AST), Lactate Dehydrogenase
(LDH) and Total Serum Bilirubin (TSB).

Quantitative determination of G6PD enzyme
level in the red blood cells by Microlab 300.

Fresh EDTA blood samples were digested with
Proteinase K enzyme, ribonucleic acid (RNA) was
removed with RNase A enzyme. The lysate was
then purified, washed and centrifuged till leukocytes
DNA was extracted. The extracted total DNA was
checked by agarose gel electrophoresis. There-
spective DNA appears as sharp intact bands while
damaged DNA appears as diffuse fragmented
bands.

Satistical analysis. The data were processed
on an IBM-PC compatible computer using SPSS
Version 16 (SPSS Inc., Chicago, IL, USA). Con-
tinuous variables were presented as mean * SD,
while for categoricg variables, numbers (%) were
used. Chi-square (X ) test was used for comparison
of the categorical variables. Student's t-test was
used to compare continuous parametric variables
in the two groups. While MannWhitney (U) was
used for comparing non-parametric variablesin
the two groups. Correlation Coefficient (r) between
two quantitative variables. All tests were two-tailed
and p-value <0.05 was considered statistically
significant.

Results

Seventy-two patients with G6PD deficiency
admitted with acute hemolytic attacks were includ-
ed in this study, 52 (72.2%) presented with severe
hemolysis and 20 (27.8%) presented with mild
hemolysis (control group). Sudden pallor and pas-
sage of dark or cola-colored urine were universal
presenting symptoms for all cases. A marked ele-
vation in serum bilirubin coinciding with intravas-
cular hemolysiswas afeaturein all cases. Incrim-
inating factors responsible for hemolysis included
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ingestion or exposure to fava beans (90.3%), drug
intake (4.2%) and infection (5.5%), with more than
one predisposing factor existing in some children,
though no significant difference detected between
the 2 groups regarding the predisposing factor.
There was no statistically significant difference
between both groups regarding family history of
G6PD deficiency disease, history of neonatal hy-
perbilirubinemiaand ALT levels. G6PD patients
with severe hemolysis were significantly younger
than those with mild hemolysis. Severe hemolysis
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was significantly predominant in males. Presence
of abdominal pain, vomiting or fever at time of
admission were high significantly presented in
G6PD patients with severe hemolysis.

Laboratory results associated with significantly
higher hemolysis compared to mild casesincluded
diminished G6PD enzyme activity, high reticulo-
cytes count%, elevated serum levels of ALP, AST,
LDH and TSB. Significant higher degree of DNA
damage was present in severe cases (Table 1).

Table (1): Clinical characteristics, laboratory parameters analysis of studied groups.

Cases with Cases with
Variable severe hemolysis ~ mild hemolysis  p-value
n=52 n=20

Age (years):

Mean, standard deviation 6.8t1.1 11.2x2.7 <0.0001

Range 15-8 6-13
Sex (n, %):

Male 51 (98.1) 15 (75) <0.0001

Female 1 (1.9) 5 (25
Family history of G6PD deficiency 96.2% 90% 0.307
History of neonatal jaundice 61.5% 80% 0.137
Ingestion or exposure to fava beans 92.3% 90% 0.348
Ingestion of drugs 1.9% 10% 0.124
Recent infection 5.8% 5% 0.898
Presence of abdominal pain 71.2% 25% <0.0001
Presence of vomiting 80.8% 15% <0.0001
Presence of fever 71.2% 25% <0.0001
G6PD enzyme activity (U/gHb) 0.7£0.2 0.9+0.16 0.002
Hb concentration (g/dl) 45+04 6.8+£1.02 <0.0001
Reticulocytic count % 04124 45%12 <0.0001
ALP enzymelevel (U/L) (mean, standard deviation) 257.7+48.4 133.6+55.5 <0.0001
ALT enzyme level (U/L) (mean, standard deviation) 35.2141 34.2+29 0.255
AST enzyme level (U/L) (mean, standard deviation) 64.8+21.2 35.9+6.6 <0.0001
LDH enzymelevel (U/L) (mean, standard deviation) 548.2+66.4 205.7+54.5 <0.0001
TSB level (U/L) (mean, standard deviation) 49%15 4.2+0.7 0.032
Presence of DNA damage 17.3% 0% <0.0001

G6PD : Glucose-6-Phosphate Dehydrogenase.
DNA : Deoxyribonucleic Acid.

Hb  : Hemoglobin.

ALP : Alkaline Phosphatase.

Discussion

G6PD deficiency isthe most common human
enzyme defect, being present in more than 400
million people worldwide [4,9] . In Egypt, which
liesin aspecial geographical situation at the meet-
ing of 3 continents with avariety of ethnic groups,
the prevalence of G6PD deficiency is about 5.9%
[10] . A study done at 2017 revealed that the inci-
dence of hospital admissionsin Egypt for acute
hemolysis due to G6PD deficiency with hemoglobin
less than 6g/dl is 9.27% of total admissions [11]
hence our study was done to detect some predictors
of severe hemolysisin children with G6PD defi-

ALT : Alanine Aminotransferase.
AST : Agpartate Aminotransferase.
LDH : Lactate Dehydrogenase.
TSB : Total Serum Bilirubin.

ciency involving some parametersin history, symp-

toms, signs and laboratory investigations, and the
degree of DNA damage in these patients. The
present study included atotal number of 72 G6PD
deficient patients who were admitted with acute

hemolysis. Patients were divided into 2 groups,

group | included those with severe hemolysis with
hemoglobin <5g/dl and group |1 included those
with mild hemolysis with hemoglobin >5g/dlI.
Considering a 5g/dl hemoglobin level as a sharp
differentiating point between the two groups [6,9].
Our study revealed that young age <7 yearsisa
significant predictor of severe hemolysisin G6PD
patients, younger patients are probably exposed to
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more than one incriminating factor and it isthe
time for introducing fava beans and probably sev-
eral drugsfor first time. Infections are very common
in young childhood thus infection-induced hemo-
lysisis acommon cause of clinically significant
hemolysis. Many different types of infections may
cause significant hemolysisin the G6PD deficient
patients [12] . The mechanism by which this occurs
is not clear, but it has been suggested that during
phagocytosis, discharging active oxygen species
occurs [13] . Our study revealed that the frequency
of the enzyme deficiency in males was higher than
in females, this result reflects the X-linked mode
of inheritance of G6PD deficiency [14,15]. Our
results showed that male gender is a significant
predictor for severe hemolysis as all cases with
severe hemolysis were males except one case only
was female. The results of our study revealed that
abdominal pain and vomiting are highly significant
predictors of severe hemolysisin G6PD deficient
children. Gastric upset, abdominal pain, and vom-
iting are associated with severe hemolysis due to
Nitric Oxide (NO) depletion due to consumption
of NO by plasmafree [16] . Our results showed that
fever was also a significant predictor of severe
hemolysisin children with G6PD deficiency, due
to the release of humble of pyrogens during the
process of hemolysis and the accompanying infec-
tion in many cases [6] . Our results showed that
elevated ALP enzyme level is asignificant predictor
of severe hemolysisin patients of G6PD deficiency.
Alkaline phosphatase enzyme isfound in all cells
including red blood cells and is released to plasma
upon the destruction of these cells, therefore it
could be used as an early marker of hemolysis of
red blood cells [17]. Our results showed that €levated
TSB isasignificant predictor of severe hemolysis
in patients with G6PD deficiency asit was signif-
icantly high in G6PD patients with severe hemolysis
than others with mild to moderate hemolysis, severe
hemolysis may result in rapidly rising serum total
bilirubin (TSB) levels, with the potential of extreme
hyperbilirubinemia [18] . Our results showed signif-
icant elevation in AST enzyme level in patients
with severe hemolysis due to G6PD deficiency
with no significant elevation of ALT enzyme level
compared to others with mild hemolysis, hemolysis
can cause asignificant increase in AST and a
moderate increase in ALT owing to the release of
these transaminases from the hemolyzed erythro-
cytes, asthereismore AST than ALT in RBCs, a
high AST-to-ALT ratio would be expected in a
case of severe hemolysis [19] . Our results showed
that L actate Dehydrogenase (LDH) enzyme level
isasignificant predictor of severe hemolysisin
patients with G6PD deficiency asit was signifi-

cantly high in G6PD patients with severe hemolysis
than others with mild hemolysis.

Considering the importance of G6PD reaction
and its products NADPH and Glutathione (GSH)
against oxidative stress, the failure of detoxification
of 1,0, iN G6PD deficient white blood cells could
probably induce primary DNA damage [20] . In our
study 9 patients out of group | with severe hemo-
lysis had DNA damage, DNA integrity was exam-
ined after DNA extraction, purification and elec-
trophoresis while no patient had DNA damage of
group Il with mild hemolysis.

In astudy donein Jordan at 2009 on predictors
of severe hemolysisin G6PD deficient children
(6], they concluded that severe hemolysis can be
predicted during hemolytic episodes in children
with low G6PD by young age, male gender, a
negative family history of the disease, the presence
of fever, abdominal pain and vomiting and ahigh
ALP. Our results meet with this study results except
for the family history of the disease, though our
study demonstrated more laboratory predictors as
high AST, LDH and TSB.

Thisisthefirst study to demonstrate presence
of DNA damage as a predictor of severe hemolysis
in G6PD deficient children.

Conclusions:

We identified some factor which can predict
severe hemolysisin children with G6PD deficiency
during acute hemolytic attacks as young age, male
gender, the presence of abdominal pain, vomiting
and fever during the attack, high levels of ALP,
AST, LDH enzymes, elevated TSB, and detection
of DNA damage.
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