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GLUCOSE-6-PHOSPHATE DEHYDROGENASE DEFECEINCY (G6PD)

Introduction

This anemia is classified as a hereditary hemolytic anemia due to an intrinsic defect (i.e., in the same major group of the spherocytosis).  It is similar to HS because: 1- it is hereditary, 2- the defect is intrinsic, and 3- of a hemolytic nature.  It differs from HS in the pattern of inheritance where G6PD deficiency is X-linked (HS is autosomal dominant), and, that the cell membrane is compromised by other mechanism (discussed in detail, below).  G6PD deficiency along with other anemias such as Pyruvate Kinase deficiency, and Glutathione Reductase deficiency are classified in a group of anemia referred to as “hereditary erythrocyte enzymopathies” (only G6PD is discussed in detail in this lecture).

G6PD deficiency is the most common erythrocyte enzymopathy leading to hemolytic anemia.  Anemia results from the inheritance of one of many variant forms of the defective enzyme.  There are more than 400 G6PD forms of the enzyme deficiency, which are classified according to the demographic location, enzyme activity, electrophoretic mobility, and clinical manifestations.

The disease is X-linked and therefore all men affected with the disease show its symptoms, where as women can be either affected (homozygotes) or carriers (heterozygotes).  

G6PD deficiency is very common in West Africa, the Mediterranean, the Middle East, and South East Asia.  Africans have a mild deficiency (10-60% of the enzyme’s normal catalytic activity), with Orientals a more severe deficiency, and the Mediterranean’s the most severe (less than 1% of the activity).  The incidence of the Mediterranean type in the region is about 1 in every 1000 people.

Normal G6PD enzyme found in all white and most of black people is designated as G6PD B, while another form found mostly in black people is referred to as G6PD A (the two forms differ from each other in a single amino acid).  G6PD-, a variant form with a deficient enzyme, (hence the minus sign) is the most frequently associated with hemolysis.    

Pathophysiology        

Glucose-6-phosphate dehydrogenase is one of the most important enzymes in the Pentose Phosphate Pathway (PPP), where it is required for the conversion of Glucose-6-Phosphate (G6P) to 6-PhosphoGluconate (6-PG), and for the subsequent production of NADPH and reduced Glutathione (GSH).  GSH protects proteins and Hgb from oxidative radicals such as Hydrogen Peroxide, by detoxification and neutralization.  RBC’s deficient in G6PD enzyme cannot detoxify hydrogen peroxide (due to low GSH), and subsequently the Hgb gets oxidized to methemoglobin (Hgb with iron in the Fe3+ form).  This leads to the release of heme from hemoglobin molecule and the denaturation of the globin molecule forming little inclusions known as the “Heinz bodies”.  Heinz bodies attach to the membrane increasing its rigidity, and therefore the cells get trapped and phagocytozed in the splenic microcirculation.

Clinical presentation

The symptoms of G6PD deficiency vary from a patient to another according to the race of the patient, the variation in the enzyme deficiency, and the degree of the oxidative stress.  However, most patients experience hemolytic episodes after an exposure to a strong oxidative event, e.g., after taking oxidative drugs, severe infections, diabetic acidosis, etc.  For instance, under normal situations patients with the G6PD- variant are not anemic and do not show hemolysis until there is a major stress of oxidative nature, which affects the older RBC’s, mostly.  Mediterranean G6PD deficiency, on the other hand, is more severe and massive hemolytic episodes could be seen after oxidative stress.  This type of G6PD deficiency is occasionally associated with severe, potentially fatal hemolysis especially after ingestion of Fava beans (known as Favism).  In such cases, immediate transfusions could be a matter of life or death.  Mediterranean G6PD deficiency is occasionally associated with the Hemolytic Disease of the Newborn (HDN).  

Lab findings

CBC

Usually, Hgb is within normal range but falls by 3-5 g/dL suddenly after an oxidative stress.  The anemia that develops is usually normocytic normochromic, which gets followed by an increased reticulocytes count 3-5 days after the onset of the hemolytic episode.  During the hemolytic episode, pb smears show non-specific changes including polychromatophilia, increased retic count, poikilocytosis, some spherocytes, and some fragmentation effect (known as the “Bite” cells).  Bite cells are the result of the splenic removal of Heinz bodies, and therefore, they are not considered as specific to G6PD deficiency as they can occur in hemoglobinopathies, GSH deficiency, and normal individuals after massive oxidative event.

Heinz bodies preparation

As Heinz bodies are hard to see in Romanowsky stained slides, a supravital stain could be prepared to show these denatured Hgb remnants, which appear as large black inclusions inside RBC’s.  However, such test is of little value due to the lack of specificity (Heinz bodies occur in more than one type of anemia).

Chemical assays

A number of tests can be useful in aiding the diagnosis of G6PD deficiency.  Some of which include the G6PD Fluorescent Spot test, the Ascorbate-Cyanide test, the Methemoglobin Reductase test, and Quantitative G6PD assay.
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