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G6PD deficiency: beyond a “well-defined” disorder

MECHANISMINHERITANCEDISTRIBUTION

oxidative vulnerabilityX-linked recessiveEnriched in malaria-endemic regions

More than 400 variants in the G6PD gene have been reported, contributing to broad phenotypic heterogeneity

X



NEW

WHO classification of G6PD variants: what changed?

WHO 1985

I <10% CNSHA

II <10%
Severe deficiency; triggered 
hemolysis

III 10–60%
Moderate–mild deficiency; 
triggered hemolysis

IV 60–150% Normal activity

V >150%
Increased activity; no clinical 
consequence

WHO 2022

A
median 
<20%

CNSHA

B
median 
<45%

Acute, triggered hemolysis

C
median 

60–150%
No hemolysis

U any† Uncertain clinical significance

II + III  →  B

IV + V  →  C

† 45–60% remains unassigned → U until sufficient evidence
May include variants with «conditional pathogenicity»

Bull World Health Organ. 2024;102:615–617. doi:10.2471/BLT.23.291224CNSHA:  Chronic non-spherocytic hemolytic anemia 

The 2022 consultation, consolidated in 2024, replaces five historical classes with A–B–C–U

The diagnosis is straightforward, the interpretation often is not



DHS 
34.6% 

HS/HE 
19.2%

ML 
12.8%

G6PDD 
9.4%

CDAs
6.6%

PKD 
5.6%

Other
HRBCDs
11.8%

1
MOLECULAR SCREENING FOR HRBCDs (2019-2024)

t-NGS/WES of 1240 patients | 548 families  

Molecular characterization of G6PDD within our HRBCD cohort

Percentages were calculated on 681 diagnosed patients; undiagnosed or partially diagnosed patients were excluded.
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G6PDD accounts for 9.4% of diagnosed HRBCDs

54%

Clinical suspicion

of G6PD 

36%

Clinical suspicion

of HRBCDs



Class A
29%

Class B
50%

Class U
8%

NA
13%

Class A Class B Class U NA

2
G6PDD COHORT

1
MOLECULAR SCREENING FOR HRBCDs (2019-2024)

t-NGS/WES of 1240 patients | 548 families  

3
MOLECULAR OUTPUT

17 causative G6PD variants
ACMG

guidelines

WHO 2022

classification

✓

✓

Expanding the spectrum of G6PD variants

62 patients  |  59 unrelated families

G6PD variant

repository✓
Geck et al., 
AJHG, 2023



Class A
29%

Class B
50%

Class U
8%

NA
13%

Class A Class B Class U NA

2
G6PDD COHORT

1
MOLECULAR SCREENING FOR HRBCDs (2019-2024)

t-NGS/WES of 1240 patients | 548 families  

3
MOLECULAR OUTPUT

17 causative G6PD variants

Expanding the spectrum of G6PD variants

94% CLASS A-II

p.Ser188Phe

Mediterranea

p.Asp282His

Seattle

19% CLASS B-III

62 patients  |  59 unrelated families

G6PD variant

repository✓
Geck et al., 
AJHG, 2023

ACMG

guidelines

WHO 2022

classification

✓

✓



Class A
29%

Class B
50%

Class U
8%

NA
13%

Class A Class B Class U NA

2
G6PDD COHORT

1
MOLECULAR SCREENING FOR HRBCDs (2019-2024)

t-NGS/WES of 1240 patients | 548 families  

3
MOLECULAR OUTPUT

17 causative G6PD variants

Expanding the spectrum of G6PD variants

 

Table 2. Genotype re-classification of patients with novel variants 
 

Patient Gender Genotype 
Spatial Scan 
Statistic (p-value) 

Genotype 
Classificaton° 

Phenotype 

P6 Male c.1456A>G; p.Ser486Gly (Hem) 
24.6, Class I (0.01)  

A (I) 
- 

P44 Male c.320A>G; p.Tyr107Cys (Hem) 
2.3, Class III (0.13)  

B (III) 
- 

P48 Male c.542A>G, p.Asp181Gly; c.376A>G, p.Asn126Asp (Hem) 
4.6, Class II (0.07)  

B (II) Deficient 

P60 Male c.1307 C>T, p.Ala436Val (Hem) 
854.2, Class I (0.001)  

A (I) Deficient with CNSHA 

P61 Female c.202G>A, p.Val68Met; c.376A>G, p.Asn126Asp; c.1115A>G, p.Gln372Pro (Het) 
15.4, Class I (0.01)  

A (I) Deficient with CNSHA 
°2022 WHO classification: class A, B, C, U; NA is reported for variant with not applicable classification; 1985 WHO classification is inside the parenthesis (class I, II, III, IV, V). Novel variants are in bold characters. 
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Structural mapping of novel G6PD variants (I)
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Three out of five variants localize near 
structurally critical regions of the dimer

tetramer interface

dimer interface
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Clinical reassessment of patients with novel variants (II) 

G6PD = 0,6 U/gHb

G6PD = 0,02 U/gHb

G6PDD mimics CDA I

*** **

** **
***

P60 variant: p.Ala436Val
P61 variant: p.Gln372Pro

AU

**

PS3

P62 variant: p.Pro409Arg (CNSHA-Suwalki)

P60

P60 P61

Hypercellularity

Intercytoplasmic bridges

Skeletal dysmorphisms

Internuclear bridges

c.1115A >G, p.Gln372Pro

c.1115A >G, p.Gln372Pro

?

Marra et Al., Am J H., 2024
Zaninoni, Marra, et Al., Sci Rep, 2023
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The novel p.Ala436Val and p.Gln372Pro variants 

were associated with a Class A/CNSHA phenotype, 
increasing the proportion of Class A cases
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G6PD deficiency: beyond a familiar diagnosis

✓

✓

✓

G6PD deficiency can cause chronic hemolysis and mimic other inherited anemias

Five previously unreported variants expand the mutational spectrum of G6PD

Clinical, biochemical and structural evidence supports a Class A/CNSHA phenotype for p.Ala436Val and p.Gln372Pro

Molecular Dynamic Simulation (MDS) to refine 

structural modelling of novel variants
NEXT STEP
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