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ABSTRACT

Background: Glucose-6-Phosphate-Dehydrogenase
(G6PD) deficiency is an enzyme abnormality related
to sex chromosomes (x-linked), which is inherited.
The activity or stability of the G6PD enzyme decreases,
thus causing the breakdown of red blood cells when
an individual is exposed to exogenous substances that
can cause oxidative damage. This case study aims to
describe a rare case of hemolytic anemia caused by
glucose 6 phosphate dehydrogenase deficiency in a
two-year-old boy.

Case Presentation: A two-year-old boy presented
with agitated, pale, yellowish eyes and body and
projectile vomiting after consuming fava beans. He had
a prior history of packed red cell transfusion. Physical

examination found the conjunctivae were pale with
the icteric sclera. Laboratory examination revealed
leukocytosis, moderate normochromic normocytic
anemia, increased reticulocytes count, and elevated
total and unconjugated bilirubin. Peripheral blood
smear examination found microcytes, spherocytes,
fragmentocytes, and burr cells. Coomb test was
negative with decreased G6PD result.

Conclusion: G6PD deficient patients have no symptoms
until exposed to oxidizing drugs, infections or after fava
beans ingestion which may cause hemolytic anemia
and jaundice. Several methods of screening and
diagnosis of G6PD can be performed to avoid morbidity
and mortality.
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INTRODUCTION
Glucose-6-Phosphate Dehydrogenase

(G6PD) is an enzyme that catalyzes
reactions to the pentose phosphate
pathway and provides a reducing effect
on all cells in the form of NADPH (the
reduced form of nicotinamide adenine
dinucleotide phosphate).! Nicotinamide
Adenine Dinucleotide Phosphate
(NADPH) compounds enable cells to
survive oxidative stress, which can be
triggered by several oxidant substances
and provide glutathione in a reduced form.
Erythrocytes do not have mitochondria,
so the pentose phosphate pathway is the
only source of NADPH, so it depends on
G6PD as the main power supply.’

The role of the G6PD enzyme in
maintaining the integrity of red blood
cells and avoiding hemolytic events lies
in their function in the pentose phosphate

pathway.” In the red blood cell, there is a
reduced Glutathione Sulthydryl (GSH)
compound that is able to maintain the
integrity of the sulthydryl (SH) group
in hemoglobin and red blood cells. The
function of GSH is to maintain cysteine
residues in hemoglobin and other proteins
in the erythrocyte membrane to remain
in the reduced and active form, maintain
hemoglobin in ferrous condition,
maintain the normal structure of red blood
cells, and play a role in the detoxification
process.” GSH is the second substrate for
the enzyme glutathione peroxidase, where
it neutralizes hydrogen peroxide, an
oxidant that can cause oxidative damage
to red blood cells.?

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 levels associated with
a wide range of biochemical and clinical
factors phenotypes. The gene encoding
G6PD is found on the long arm of the X
chromosome (xq28) and consists of 13
axons with a length of 18kb.?

High prevalence is found in Africa,
the Mediterranean, Southeast Asia and
Latin America. In the United States, black
males are most commonly affected, with a
prevalence of approximately 10 percent.
A higher incidence is found in males than
females. In Greece, where this disease is
endemic, an estimated 225.000 males and
92.000 females are affected.” In Indonesia,
the prevalence of G6PD deficiency
reaches 2.7% to 14.2%.* Soemantri AG et
al., testing 169 Javanese males in Central
Java, documented a G6PD deficiency was
14%.° A previous study from Jalloh A et
al.,, is consistent with this trend, with the
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Javanese registering the highest values.”

Most people with G6PD defects are
asymptomatic and do not know their
condition. This disease arises when
erythrocytes experience oxidative stress
triggered by drugs, infections, or the
consumption of fava beans. G6PD
deficiency usually manifests as acute
hemolytic anemia induced by drugs or
infections, favism, neonatal jaundice
and chronic non-spherical hemolytic
anemia."® Acute hemolysis in patients with
G6PD deficiency is usually characterized
by weakness, back pain, anemia and
jaundice. An increase in unconjugated
bilirubin levels, lactate dehydrogenase
and reticulocytosis are markers of the
disorder.»®?

The gold standard for diagnosis of
G6PD deficiency can be categorized as
either genotyping assays, which determine
at the DNA level whether someone is
G6PD deficient, or phenotyping assays,
which measure the G6PD activity in the
individual’s blood.* Phenotypic assays
can be quantitative (providing a precise
measure of G6PD activity) is based on
enzymatic activity with quantitative
analysis of NADPH production level
spectrophotometry from NADP or
qualitative (indicating normal or abnormal
activity).*  Several  semi-quantitative
methods have been developed for rapid
screening, such as the fluorescent spot
tests (FST) that indicate G6PD deficiency
if blood spots do not fluoresce under
ultraviolet light." The quantitative method
is available in Indonesia.

The most effective management
strategy for G6PD deficiency to prevent
hemolytic is to avoid oxidative stress (for
example, drugs and fava beans). Acute
hemolytic due to G6PD is usually short
and no specific treatment is needed.
In rare cases (usually children), severe
anemia may occur and requires a blood
transfusion."® Based on those mentioned
above, this case study aims to describe
the clinical presentation, diagnosis and
management of hemolytic anemia caused
by G6PD deficiency.

CASE REPORT

A two-year-old boy was brought to the
pediatric Emergency Department (ED)
Sanglah Hospital by his parents with

a chief complaint of yellowish skin,
generalized weakness and pale since the
night before. The patient also complained
of vomiting since the night before, with a
total frequency of 4 times. The volume of
each vomit was % glass of mineral water
containing the food consumed before;
no blood was found. Two days before
hospitalization, he consumed two small
sacks of fava beans. He took fava beans for
the first time.

The patient presented with pale since
two days before admission and getting
worst since yesterday. The yellowish
skin appeared one day before being
admitted to Sanglah Hospital. It initiated
slightly, then spread all over his body. No
complaint of fever, shortness of breath
or cough was found. The patient denied
chills, rigors, dyspnea, weight loss, and
lymphadenopathy. There was no history
of nosebleeds, bleeding gums, black
stool. The color of the stool was yellow,
without blood, no mucous and no fat.
The delivery history showed that he was
born spontaneously at Sanglah Hospital,
cried spontaneously, and had a birth
weight of 3200 grams and gestational
age of 9 months. No history of jaundice
since the born and maternal history of
consuming oxidative agents was denied.
The immunization status was completely
related by age. The growth chart of the
patient showed normal growth with no
developmental disorders. The urine’s
color was like tea.

The patient with a history of transfusion
Pack Red Cell (PRC) and ursodeoxycholic
acid from a previous hospital. Based on
the laboratory finding, the leucocyte
count was 184 x 10°/pL, followed by
hemoglobin (3.6 g/dL), MCH (34.4 pg),
MCV (91.3fL), MCHC (37.7 fL), PLT (367
x 10°/pL), Serum Glutamic Oxaloacetic
Transaminase (SGOT) (46 U/L), Serum
Glutamic Pyruvic Transaminase (SGPT)
(18.00 U/L), total bilirubin (14.02 mg/dL),
and direct bilirubin (2.44 mg/dL) (Table
1).

Onadmission, he generalized weakness,
the conjunctivae were pale, and the sclera
was icteric. Physical examination revealed
a heart rate of 140 beats per minute (bpm),
strong pulse lift and steady rhythm, a
respiration rate of 38 breaths per minute,
and a temperature of 37.1°C. The patient
was alert but anxious in appearance.
His head and neck examinations were
within normal limits. His lung was clear
to auscultation. The cardiopulmonary
exam was within normal limits, except
for tachycardia. There was no abdominal
tenderness in all quadrants. Bowel sound
was normal and without splenomegaly
and hepatomegaly. No focal deficits were
observed on neurological exam, cranial
nerves were intact, and no meningismus
was appreciated.

The laboratory finding leucocyte:
19.93 x 10%pL, differential counts
were as follows lymphocyte (19.98%),
neutrophil (72.11%), monocytes (6.38%),

Table 1. The initial laboratory findings of a patient with a history of PRC and
ursodeoxycholic acid administration

Variable Values Unit
Leucocyte 1.84 10°/uL
Hemoglobin 3.60 g/dL
MCH 34.40 pg
MCV 91.30 fL
MCHC 37.70 fL
PLT 367 10°/uL
SGOT 46.00 U/L
SGPT 18.00 U/L
Total Bilirubin 14.02 mg/dL
Direct Bilirubin 2.44 mg/dL

MCH: Mean Corpuscular Hemoglobin; MCV: Mean Corpuscular Volume; MCHC: Mean
Corpuscular Hemoglobin Concentration; PLT: Platelet; SGOT: Serum Glutamic Oxaloacetic
Transaminase; SGPT: Serum Glutamic Pyruvic Transaminase
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hemoglobin level (6.37 g/dL), MCV (84.24
fL), MCH (29.39 pg), MCHC (34.89 g/
dL), RDW (13.20%), and platelet counts
(244 x10°/pL), reticulocyte count (5.6%),
Corrected Reticulocyte Count (CRC)
(2.37%), and blood smear indicated
normochromic normositer in erythrocyte
as well as leucocyte negative young cell.
Results of his Liver Function Test (LFT)
showed SGOT was at 58.4 U/L, followed
by SGPT (17.00 U/L), total bilirubin
(10.87 mg/dL), direct bilirubin (1.29 mg/
dL), indirect bilirubin (9.58 mg/dL), and
the result of electrolyte was normal (Table
2). Based on the laboratory finding, which
hemoglobin was low, MCV and MCHC
were normal, and bilirubin total and
bilirubin direct were high. Those indicated
anemia  normochromic normositer
caused by hemolytic anemia. In this case,
blood smear examination could not be
applicated, because the result could be
affected by donor blood.

The patient was diagnosed with
moderate normochromic normocyte
anemia caused by G6PD deficiency with
a well-nourished differential diagnosis of
autoimmune disease. Planning diagnosis
for this patient was evaluation blood

smear, reticulocyte, and coomb test.
Planning treatment for this patient was
ursodeoxycholic acid 10 mg/kg/times ~
100 mg 3 times per day.

Three days after being admitted, the
condition improved; no fever, jaundice
disappeared. The patient underwent
several laboratory evaluations. His results
showed that hemoglobin level increased
at 8.42 g/dL, reticulocyte level 8.7% and
corrected retic was elevated at 4.2. Blood
smear found normochromic normocytic,
anisopoikilocytosis ~ (microcyte — (+),
spherocytes (+), fragmentocyte (+), burr
cells (+)), normoblast, lymphoblast cell
was not found, platelet was normal.
The impression of blood smear was
normochromic normocytic anemia, and
Coomb test examination was negative.

Nine days after being admitted,
the condition was better. The patient
underwent laboratory evaluation. His
complete blood counts were as follows:
hemoglobin level increased at 9.25 g/dL,
hematocrit was normal at 27.67 % and
thrombocyte level was normal at 314000
10°/uL. The differential count showed
40,23% lymphocytes, 46,08% neutrophil.
The result of glucose 6 phosphate

Table 2. The laboratory findings during admission

Variable Values Unit
Leucocyte 19.93 10°/uL
Lymphocyte 19.98 %
Neutrophil 72.11 %
Monocytes 6.38 %
Hemoglobin 6.37 g/dL
MCH 29.39 pg
MCV 84.24 fL
MCHC 34.89 fL
PLT 244 10°/pL.
SGOT 58.4 U/L
SGPT 17.00 U/L
Total Bilirubin 10.87 mg/dL
Direct Bilirubin 1.29 mg/dL
Indirect Bilirubin 9.58 mg/dL
RDW 13.20 %
Reticulocyte 5.6 %

MCH: Mean Corpuscular Hemoglobin; MCV: Mean Corpuscular Volume; MCHC: Mean
Corpuscular Hemoglobin Concentration; PLT: Platelet; SGOT: Serum Glutamic Oxaloacetic
Transaminase; SGPT: Serum Glutamic Pyruvic Transaminase; RDW: Red Cell-Distribution

Width

dehydrogenase decreased to 5,8. The
patient was discharged.

DISCUSSION

Glucose-6-phosphate dehydrogenase
(G6PD) is an enzyme that catalyzes the
first reaction of pentose shunt catalyzes
the oxidation of glucose 6 phosphate to 6
phospho-gluconolactone, which reduces
Nicotinamide Adenosine dinucleotide
(NADP+) to Nicotinamide Adenosine
Dinucleotide Phosphate (NADPH). This
enzyme is present in the cytoplasm, spread
throughout cells of varying degrees.!
In Red Blood Cells, the pentose shunt
is the only source of NADPH, which
is crucial in maintaining high cellular
levels of glutathione to protect the cell
from oxidative stress-induced damage.
Nicotinamide adenosine dinucleotide
phosphate levels are maintained by G6PD;
thus, in G6PD deficient RBC, glutathione
is not restored to adequate levels under
oxidative stress, leading to a buildup of
free radicals and insoluble hemoglobin
within the cell.'"? Glucose-6-phosphate
dehydrogenase activity decreases
significantly as erythrocytes age, with a
half-life of about 60 days."

The inheritance of G6PD deficiency
shows a typical X-linked pattern. Males
are homozygous for the G6PD gene
and can have normal gene expression
or be G6PD deficient.! Female who has
two copies of the G6PD gene on each
X chromosome may be homozygote
or heterozygote, it can have normal
gene expression or be heterozygous.®
Heterozygous females are genetic mosaics
due to X chromosome inactivation (in
any cell, one X chromosome is inactive,
but different cells randomly inactivate
one chromosome or the other).®> The
abnormal cells of a heterozygous female
can be as deficient for G6PD as those of
a G6PD deficient male: therefore, such
females can be susceptible to the same
pathophysiological phenotype.® In this
case, the patient was a male with a G6PD
level lower than normal. So, the genotype
should be G6PD deficiency hemizygote.

The acute and severe hemolytic
syndrome due to fava beans is called
Favism. Favism is similar to drug-induced
hemolysis. The case of hemolytic crisis
due to fava beans in children with G6PD
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deficiency was rare and a similar case was
also reported in Nepal.'” In Indonesia, the
incidence of fava bean-induced hemolytic
crisis was not known.

Meloni T et al., have found that the
highest incidence of favism or drug-
induced hemolytic anemia occurred in
children aged 2-6 years."”” In comparison,
children below two years of age made up
only 4.5%. In contrast, those over six years
of age constituted 22.3%.'?Favism presents
as acute hemolytic anemia, usually around
24 hours after the beans are eaten.”
Typically, a hemolytic attack initiates with
malaise, weakness, and abdominal pain.
Patients’ chief complaints can be described
as a triad of urine discoloration, jaundice,
and vomiting (59%), which can be
considered the triangle of classic favism-
triggered hemolysis."”” The presentation of
this disease depends mainly on the degree
of deficiency and the severity of hemolytic
attacks. A previous study showed that
younger patients tend to present with a
significant severe form of hemolysis, more
prolonged exposure, and the rural areas
tend to present with more severe episodes
of hemolysis.'* In this case, the patient was
two years old, lived from the rural regions
of Bangli and the duration of hemolysis
after the exposure of fava bean was one
day before the symptom.

Fortunately, most G6PD deficient
individuals are asymptomatic throughout
their life and unaware of their status.
The illness generally manifests as acute
hemolysis, which usually arises when
red blood cells undergo oxidative stress
triggered by agents such as the ingestion
of fava beans, infection, or drugs. Fava
bean ingestion is the most common
precipitating factor for hemolysis in
G6PD deficient populations.'* Infections
such as hand-foot-mouth disease,
enteroviruses, hepatitis A, typhoid fever,
and pneumonia trigger hemolysis in
G6PD deficient persons. Consumption
of some antibiotics, antimalarial agents,
aspirin, and sulfonamides, also induces
hemolysis in these patients.”” A previous
study showed that hemolytic crises were
significantly more common in spring,
the peak time for fava bean consumption,
and occurred more frequently in those
with a family history of G6PD deficiency,
especially in females.”” Fava bean
intake (93%) was the first etiological

agent triggering hemolysis, followed by
infectious agents and drug consumption.'
The high prevalence of G6PD deficiency
in Iran, we should emphasize the
education of parents and physicians about
the disease and prevention of fava bean
ingestion in people with G6PD deficiency.
In this case, G6PD deficiency is caused
by the consumption of fava bean one day
before hospitalization.

The definitive diagnosis of G6PD
deficiency is based on the estimation
of enzyme activity by quantitative
spectrophotometric analysis of the rate
of NADPH production from NADP.**
For rapid population screening, several
semi quantitative methods have been
applied, such as the dye-decoloration test
and fluorescent spot tests, which indicate
G6PD deficiency when the blood spot
fails to fluoresce under ultraviolet light.'¢
Another semi quantitative tests have
been used but require definitive testing to
confirm an abnormal result.”” In this case,
the patient had titer G6PD of 5.8 U/gr Hb
(Iess than 10% of normal) with no chronic
hemolytic anemia; therefore, based on the
enzyme activity, the patient was classified
as having type II.

Reticulocytes are immature non-
nucleated erythrocytes that are released
from the bone marrow following
enucleation of the normoblast.’® Because
the reticulocyte stage of erythroid
differentiation only lasts a few days, the
number of reticulocytes in the blood
is a useful clinical indicator of the rate
of erythropoiesis.'”® Since reticulocyte
enumeration  provides  information
about the bone marrow activity and the
effectiveness of red blood cell production,
it is crucial in the clinical application
of reticulocytes parameters to aid the
diagnosis of anemic patients, and for
monitoring bone marrow transplantation
patients, patients undergoing therapy with
marrow toxic drugs, and patients being
treated for anemia.”” In the condition
of massive hemolysis, an elevated
reticulocyte count would be expected in a
normally functioning bone marrow. The
RBC membrane’s compromised integrity
results in intravascular hemolysis and
rapid removal of these cells within the
splenic pulp.® In this case, the reticulocyte
was elevated 8.2%, which the normal value
of reticulocytes is 1-2%.

A blood smear is particularly important
in the diagnosis of acute hemolysis induced
by oxidant damage*® Oxidant-induced
hemolysis is most often seen in glucose
6 phosphate dehydrogenase (G6PD)
deficiency. Precipitated hemoglobin is
disruptive to the structure and function of
the RBC membrane and leads to increased
membrane permeability, osmotic fragility,
and cell rigidity.*' Direct examination of
blood under a microscope in a peripheral
blood smear may demonstrate red
blood cell fragments called schistocytes,
red blood cells that look like spheres
(spherocytes), and/or red blood cells
missing small pieces (bite cells).?**
Many hemolytic anemias show multiple
poikilocytes: G6PD  deficiency, for
example, often leads to a bite and blister
cells and schistocytes and spherocytes. The
RBC morphology may not suggest a single
diagnosis as several relevant avenues
for clinical and laboratory follow-up. A
patient with bite cells and spherocytes
may benefit from G6PD screening.” Bite
and blister cells and irregularly contracted
cells are the classic findings in oxidative
hemolysis: for example, because of G6PD
deficiency. Oxidative hemolysis may also
lead to (less prominent) schistocytosis
and spherocytosis.”® In this case, the
blood smear was normochromic
normocytic erythrocyte, anisocytosis and
poikilocytosis (microcyte (+), spherocytes
(+), fragmentocyte (+), burr cells (+)),
normoblast.

The most effective management
strategy for G6PD  deficiency s
to prevent hemolysis by avoiding

oxidative stressors.! Infection can cause
hemolysis as well and should be treated
appropriately. The general principle of
care, including exchange transfusion for
neonatal hyperbilirubinemia and RBC
transfusion for the hemolytic crisis.”®
This approach requires the patient to
be aware of their deficiency as a result
of a previous hemolytic episode or a
screening program. Fortunately, acute
hemolysis in G6PD deficient individuals
usually happens shortly and does not need
specific treatment. In rare cases (usually
children), acute hemolysis leading to
severe anemia may require transfusions
of red blood cells.* Splenectomy generally
is not recommended. Folic acid and iron
potentiallyareusefulinhemolysis,although
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G6PD deficiency usually is asymptomatic,
and the associated hemolysis usually is
short-lived. Antioxidants such as vitamin
E and selenium have no proven benefit
for the treatment of G6PD deficiency.* In
this case, He had a good clinical condition
after he had got RBC transfusions and
avoided consuming fava bean.

G6PD  deficiency could inhibit
3-hydroxy-3-methyl glutaryl coenzyme
A (HMG-CoA) reductase used for
cholesterol synthesis or cytochrome P 450
enzymes used for steroid metabolism.***
It can affect decreased production of
androgen. No studies have systematically
assessed how G6PD deficiency affects
health across the life course, especially
from an evolutionary biology perspective
that early life survival might trade-off
against reproduction and/or growth
and development.! To examine the
association of G6PD) deficiency with
adolescent physical and mental health,
a previous study showed that G6PD
deficient adolescents had broadly similar
physical and mental health indicators
but transiently lower BMI gain and later
pubic hair development, whose long-term
implications warrant investigation.** In
this case, the current sufferer is 2 years old.
Parents should be given education on the
importance of monitoring the growth and
development of the child into adulthood.

CONCLUSION

A two-year-old boy presented anxiety,
vomiting 4 times without nausea, and
headaches since the night before. It
happened after consuming fava beans.
The diagnosis of G6PD deficiency was
established based on clinical features and
laboratory investigation. The patient is in
good clinical condition after he had got
RBC transfusions. The patient prognosis
was good, and no complications were
found as well as the hemolysis was
immediately resolved.
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