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Key Clinical Message

Glucose-6-phosphate (G6PD) deficiency is the most common human enzyme

defect, often presenting with neonatal jaundice and/or acute hemolytic anemia,

triggered by oxidizing agents. G6PD deficiency is an X-linked, hereditary dis-

ease, mainly affecting men, but should also be considered in females with an

oxidative hemolysis.
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Introduction

Glucose-6-phosphate (G6PD) deficiency is the most com-

mon human enzyme defect which affects more than an

estimated 400 million people worldwide [1–3]. The most

frequent clinical manifestations of G6PD deficiency are

neonatal jaundice and acute hemolytic anemia, often trig-

gered by oxidative stress [1, 3] from infection and expo-

sure to medication and certain foods (e.g., fava beans) [3,

4]. Some G6PD-deficient variants cause chronic hemoly-

sis, leading to congenital nonspherocytic anemia [1, 3].

The G6PD enzyme catalyzes the first step in the pen-

tose phosphate pathway, oxidizing glucose-6-phosphate to

6-phosphogluconolactone and reducing nicotinamide ade-

nine dinucleotide phosphate (NADP) to NADPH [1, 3].

NADPH is crucial in producing reduced glutathione in

the erythrocyte cytoplasm for protecting hemoglobin

against oxidative damage. In case of G6PD deficiency, the

presence of oxidizing agents leads to oxidation of the sulf-

hydryl bridges between parts of the hemoglobin molecule,

thereby decreasing the solubility of hemoglobin which

causes hemolysis [2].

The inheritance of G6PD deficiency shows a typical X-

linked pattern [1, 3, 4], in which mainly men are affected,

and females, in case being heterozygous, have less severe

clinical manifestations [1–3]. Here, we report two girls

with compound heterozygote G6PD deficiency, one of

them presented with a severe hemolytic anemia. We dis-

cuss the etiology of G6PD deficiency in females and

emphasize the importance to consider G6PD deficiency in

acute hemolytic anemia, not only in males, but also in

females.

Case Presentation

A healthy 5-year-old girl was referred to our hospital for

jaundice and fatigue after eating fava beans suggestive of

G6PD deficiency. Her past health was normal. She was

the first of three children of healthy, nonconsanguineous

Iraqi parents. The family history revealed a paternal aunt

who was not allowed to eat fava beans. Physical examina-

tion showed tachycardia, anemic sclera, and mild jaun-

dice. Complete blood count showed a picture of a

hemolytic anemia (Hb 5.4 g/dL, MCV 82 fl, reticulocytes
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104/1000 RBC, schistocytes, and bite cells) with elevated

LDH (912 U/L, normal 313–618 U/L) and total bilirubin

(1.4 mg/dL, normal 0.2–1.3 mg/dL), and lowered hap-

toglobin (10.4 mg/dL, normal 26–185 mg/dL). The girl

recovered after red blood cell transfusion. No further

hemolytic episode occurred.

Spectrophotometric analysis revealed deficiency of

G6PD (0.1 U/g Hb) indicating a severe G6PD deficiency

(class II according to the World Health Organization clas-

sification). DNA analysis showed two mutations: the

G6PD Mediterranean variant (c.563C>T (p.Ser188Phe))

and the G6PD Chatham variant (c.1003G>A

(p.Ala335Thr)), both in compound heterozygous state.

Although her father and her 6-yearold sister never had

symptoms of hemolysis, family screening with spec-

trophotometric analysis revealed that both were severely

affected (respectively, 0.1 U/g Hb and 0.0 U/g Hb, nor-

mal range on this age 4.1–7.9 U/g Hb). Enzyme defi-

ciency was not confirmed in her mother and her brother

(respectively, 6.0 U/g Hb and 8.7 U/g Hb). DNA analysis

was performed. The father was hemizygous for the

c.563C>T (p.Ser188Phe) mutation, while the mother was

heterozygous for the c.1003G>A (p.Ala335Thr) mutation,

but more surprisingly, her sister turned out to have the

same mutations in compound heterozygosity. DNA analy-

sis was not performed in the brother (Fig. 1).

Discussion

Males are hemizygous for the G6PD gene and can have

normal gene expression or be G6PD deficient. Females,

who have two copies of the G6PD gene on each X chro-

mosome (Xq28), can have normal gene expression, be

heterozygous or rarely homozygous for a mutation or

compound heterozygous for two mutations on the G6PD

gene [1]. Heterozygous females have, in general, less sev-

ere clinical manifestations than G6PD-deficient males

[1–3], but the mean red blood cell enzyme activity depends

on the degree of inactivation of one of the X chromosomes

(lyonization) [4], and may be normal, mildly to moderate

reduced, and grossly deficient. Although very rare, in some

populations, in which the frequency of the G6PD-deficient

allele is very high [1], mainly in (sub) tropical regions [3],

females can be homozygous [1] or compound heterozy-

gous. They present with the same clinical manifestations as

hemizygous males.

More than 400 variants of the G6PD enzyme (isoen-

zymes) have been identified. Almost all of the variants are

missense point mutations causing single amino acid sub-

stitutions [3]. The World Health Organization has catego-

rized the mutant enzymes into five classes according to

the degree of enzyme deficiency and hemolysis. The most

common variants are noted in Table 1. G6PD-B is the

most common normal isoenzyme (wild type). The G6PD-

A is the most common variant, associated with mild to

moderate hemolysis, while the G6PD Mediterranean vari-

ant is the most abnormal variant found in Caucasians

and is classically associated with favism (hemolysis after

ingestion of broad beans) [5].

Prevalence of hemizygous G6PD-deficient males in

Iraq is 6.1% [6]. Corresponding prevalence in females

can be predicted by the Hardy–Weinberg formula

p2 + 2pq + q2 = 1 (2pq = heterozygous and q2 = ho-

mozygous state in the female population) [7]. Accord-

ing to this formula, the prevalence of heterozygous

G6PD-deficient Iraqi females would be 11.5% versus

0.37% for homozygous females. Compound heterozygos-

ity, in which two different heterozygous mutations on

the G6PD gene are found, each on another chromo-

some, is even rarer. In Baghdad, Iraq, three polymor-

phic variants constituted more than 80% of G6PD-

deficient variants among males, namely: the Mediter-

ranean (74.3%), Chatham (5%), and A- (2%) [8]. The

sisters discussed are compound heterozygous for two

class II variants, Mediterranean, and Chatham, which

can cause acute severe hemolysis.

Figure 1. Family tree. DNA analysis was performed. Father: G6PD

Mediterranean variant (c.563C>T (p.Ser188Phe)) in hemizygosity.

Mother: G6PD Chatham variant (c.1003G>A (p.Ala335Thr)) in

heterozygosity. Both girls had both mutations in compound

heterozygosity.

Table 1. Classification of G6PD variants.

Class

G6PD

activity Hemolysis Most common variants

I <10% Chronic G6PD San Diego

II <10% Acute G6PD Mediterranean, G6PD

Chatham

III 10–60% Acute G6PD-A�, G6PD Canton

IV 60–150% Absent G6PD-B, G6PD-A+

V Increased G6PD

Verona

G6PD Verona
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Diagnosing G6PD deficiency can be challenging as

normal results of a peripheral blood smear and spec-

trophotometric analysis don’t exclude G6PD deficiency.

In the acute setting of a hemolytic anemia, the presence

of red blood cell anomalies, such as spherocytes and

bite cells on a peripheral blood smear (Fig. 2) are sug-

gestive of oxidative hemolysis, that is, G6PD deficiency.

Several screening tests for G6PD deficiency are avail-

able, for example, the fluorescent spot test, the ascor-

bate–cyanide test, and the dye reduction test. The

definitive test requires quantitation of the enzyme and

can be performed by spectrophotometric analysis, which

directly measures the rate of NADPH formation (pro-

portional to the G6PD activity) [9] through its charac-

teristic absorption peak at wavelength of 340 nm [10].

The red cell activity is expressed in international units

(IU) per gram of hemoglobin. The standardized normal

reference value of the G6PD activity is established by

taking the median G6PD activity value of a group of

healthy male controls. In our laboratory, the reference

for normal values at room temperature is in the range

of 4.1–7.9 U/g Hb (newborns 50% higher). However,

after severe hemolysis, young red blood cells and retic-

ulocytes have much higher G6PD activity (up to 5x);

the analysis can be false negative. In those cases or

after red blood cell transfusion, tests need to be

repeated after approximately 2–3 months when the red

blood cell mass is repopulated with cells of all ages.

Carrier state in females is difficult to determine,

because of the normal enzyme activity in the unaffected

X chromosome. In those cases, it is sometimes neces-

sary to perform polymerase chain reaction (PCR) tests

to reveal the genetic abnormality.

Conclusion

The red cells of millions of people are deficient in the

enzyme G6PD. This X-linked hereditary deficiency is

mainly affecting males, but should also be considered in

women presenting with a hemolytic anemia, even when

family history is negative and the G6PD level is normal at

presentation.
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Figure 2. Bite cells, often seen during a hemolytic crisis in G6PD

deficiency.
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