
Glucose-6-PhosphateDehydrogenase
Deficiency

Glucose-6-phosphate dehydrogenase
(G6PD) deficiency, the most frequent
disease involving enzymes of the hexose
monophosphate pathway, is responsible for
2 clinical syndromes, episodic hemolytic
anemia, and chronic nons pherocytic
hemolytic anemia.



The most common manifestations of this disorder
are neonatal jaundice and episodic acute hemolytic
anemia, which is induced by infections, certain
drugs, and, rarely, fava beans. This X-linked
deficiency affects more than 400 million people
worldwide, representing an overall 4.9% global
prevalence. The global distribution of this disorder
parallels that of malaria, representing an example
of “balanced polymorphism,”



Episodic or Induced Hemolytic Anemia
Etiology
G6PD catalyzes the conversion of glucose 6-
phosphate to 6-phosphogluconic acid. This reaction
produces NADPH, which maintains glutathione in
the reduced, functional state .Reduced glutathione
provides protection against oxidant threats from
certain drugs and infections that would otherwise
cause precipitation of hemoglobin (Heinz bodies)
or damage the RBC membrane.



Synthesis of RBC G6PD is determined by a gene on
the X chromosome. Thus, heterozygous females
have intermediate enzymatic activity and have 2
populations of RBCs: one is normal, and the other is
deficient in G6PD activity. Because they have fewer
susceptible cells, most heterozygous females do not
have evident clinical hemolysis after exposure to
oxidant drugs. Rarely, the majority of RBCs is G6PD
deficient in heterozygous females because the
inactivation of the normal X chromosome is random
and sometimes exaggerated (Lyon-Beutler
hypothesis).



Disease involving this enzyme therefore occurs more
frequently in males than in females. Approximately
13% of male Americans of African descent have a
mutant enzyme (G6PD A−) that results in a
deficiency of RBC G6PD activity (5-15% of normal).
Italians, Greeks, and other Mediterranean, Middle
Eastern, African, and Asian ethnic groups also have a
high incidence, ranging from 5% to 40%, of a variant
designated G6PD B− (G6PD Mediterranean).



Clinical Manifestations
Most individuals with G6PD deficiency are
asymptomatic, with no clinical manifestations of
illness unless triggered by infection, drugs, or
ingestion of fava beans. Typically, hemolysis ensues
in about 24-48 hr after a patient has ingested a
substance with oxidant properties.



In severe cases, hemoglobinuria and jaundice result, and
the hemoglobin concentration may fall precipitously. Drugs
that elicit hemolysis in these individuals include aspirin,
sulfonamides and antimalarials, such as primaquine .The
degree of hemolysis varies with the inciting agent, amount
ingested, and severity of the enzyme deficiency. In some
individuals, ingestion of fava beans also produces an acute,
severe hemolytic syndrome, known as favism. Fava beans
contain divicine, isouramil, and convicine, which ultimately
lead to production of hydrogen peroxide and other reactive
oxygen products. Favism is thought to be more frequently
associated with the G6PD B− variant.





G6PD deficiency can produce hemolysis in the
neonatal period. In G6PD A–, spontaneous
hemolysis and hyperbilirubinemia have been
observed in preterm infants. In newborns with the
G6PDB− hyperbilirubinemia and even kernicterus
may occur.



Neonates with coinheritance of G6PD deficiency
and a mutation of the promoter of uridine-
diphosphate-glucuronyl transferase (UGT1A1), seen
in Gilbert syndrome, have more severe neonatal
jaundice. When a pregnant woman ingests oxidant
drugs, they may be transmitted to her G6PD-
deficient fetus, and hemolytic anemia and jaundice
may be apparent at birth.



Laboratory Findings
The onset of acute hemolysis usually results in a
precipitous fall in hemoglobin and hematocrit. If the
episode is severe, the hemoglobin binding proteins,
such as haptoglobin, are saturated, and free
hemoglobin may appear in the plasma and
subsequently in the urine. Unstained or supravital
preparations of RBCs reveal precipitated
hemoglobin, known as Heinz bodies.



The RBC inclusions are not visible on the Wright-
stained blood film. Cells that contain these
inclusions are seen only within the first 3-4 days of
illness because they are rapidly cleared from the
blood. Also, the blood film may contain red cells
with what appears to be a bite taken from their
periphery and polychromasia (evidence of bluish,
larger RBCs), representing reticulocytosis.





Diagnosis
The diagnosis depends on direct or indirect
demonstration of reduced G6PD activity in RBCs. By
direct measurement, enzyme activity in affected
persons is ≤10% of normal, and the reduction of
enzyme activity is more extreme in Americans of
European descent and in Asians than in Americans
of African descent. Satisfactory screening tests are
based on decoloration of methylene blue,
reduction of methemoglobin, or fluorescence of
NADPH.



Immediately after a hemolytic episode, reticulocytes
and young RBCs predominate. These young cells
have significantly higher enzyme activity than do
older cells in the A− variety. Testing may therefore
have to be deferred for a few weeks before a
diagnostically low level of enzyme can be shown.
The diagnosis can be suspected when G6PD activity
is within the low-normal range in the presence of a
high reticulocyte count. G6PD variants also can be
detected by electrophoretic and molecular analysis.



Prevention and Treatment
Prevention of hemolysis constitutes the most
important therapeutic measure. When possible,
males belonging to ethnic groups with a significant
incidence of G6PD deficiency (e.g., Greeks,
southern Italians, Sephardic Jews, Filipinos,
southern Chinese, Americans of African descent,
and Thais) should be tested for the defect before
known oxidant drugs are given.



The usual doses of aspirin and trimethoprim-
sulfamethoxazole do not cause clinically relevant
hemolysis in the A− variety. Aspirin administered in
doses used for acute rheumatic fever (60-
100 mg/kg/24 hr) may produce a severe hemolytic
episode. Infants with severe neonatal jaundice who
belong to these ethnic groups also require testing
for G6PD deficiency because of their heightened
risk for this defect. If severe hemolysis has
occurred, supportive therapy may require blood
transfusions, although recovery is the rule when the
oxidant agent is discontinued.


