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CGD Timeline

Genetics ~10 years (both X and AR)

General mechanism ~12 years

Diagnostic test (and renaming) ~13 years

Positional cloning 32 years

Current diagnostic test (DHR) 41 years

At 70 years…



We know a lot about CGD

Thousands of patients worldwide

Diagnosis is understood

Mechanisms and pathophysiology known

Prophylaxis proven for bacteria and fungi

Transplantation is common and successful



A lot, but not enough

Why those infections?

Why does the inflammation happen?

Why does the inflammation persist?

Why does the autoimmunity happen?

What about X-linked carriers?

Who should get HSCT or gene therapy?



47
67

Bacteria

Phagosome

Cytoplasm

Fungi

1o 

granule

2o 

granule

GE

CG

40

EROS



47
67

Bacteria

Phagosome

Fungi

P
P

GE

CG

40

EROS

Cytoplasm

1o 

granule

2o 

granule



47
67

e- O2-

HOCl

H2O2

Bacteria

Phagosome

NADPH

NADP+

Fungi

GE

CG

40

Cytoplasm



47
67

e- O2-

HOCl

H2O2

Bacteria

Phagosome

NADPH

NADP+

Fungi

GE

CG

40

EROS

Cytoplasm



CGD: One phenotype, 6 genotypes
Gene    chromosome   %

gp91phox    Xp21   65%

Autosomal

p22phox    16   <5%

p47phox    7   25%

p67phox    1q42   <5%

p40phox    22   29 cases

EROS (CYBC1)   17     4 cases 
   

frequency 1/100,000 - 1/200,000
diagnosis usually in childhood
adult cases recognized, especially autosomal



CGD: ~One phenotype, 6 genotypes

Gene    chromosome   %

gp91phox    Xp21   65%

Autosomal

p22phox    16   <5%

p47phox    7   25%

p67phox    1q42   <5%

p40phox    22   <5% (mostly IBD)

EROS (CYBC1)   17   few cases 
   

frequency 1/100,000 - 1/200,000
diagnosis usually in childhood
adult cases recognized, especially autosomal

Often 

missed

WES/WGS



So what are the questions for today?

What should be standard treatment for CGD?

What about the inflammatory bowel disease? 

What are the data for HSCT?

What about gene therapy?

What is coming in the future?



Compiled European Untransplanted CGD Experience

Infections and Inflammation
(n = 104)

Dedieu et al, Pediatr Allergy Immunol. 2021;32:576–585



Standard Prophylaxis

TMP/SMX   160/800 twice daily

 Alternatives: TMP 100 twice daily; fluoroquinolone; ??

Itraconazole*  200 mg once daily

 Alternatives: posaconazole 300 once daily 

    voriconazole 250 twice daily (skin issues)

IFN   50 mcg/m2 three times weekly

 Alternatives: chocolate?

* Prospective randomized double blind trials



Pediatr Allergy Immunol. 2021;32:576–585
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Inflammatory bowel disease



Inflammatory Bowel Disease

~ 50% of patients

No effect on mortality

Usually steroid responsive and often steroid dependent

Often requires immunomodulator: Azathioprine, sulfasalacylic acid

Biologics: TNF blockers, IL12/23 blockers effective but infections

Lymphocyte trafficking: vedolizumab safe but modest effect

Resolves with HSCT



Clinical Gastroenterology and Hepatology 2022;20:e653–e663



HSCT for CGD

HSCT can be very successful

Even with active infection/inflammation

Resolves refractory infections (mostly fungal)

Resolves refractory inflammatory bowel disease

Beware of granulocyte transfusions pre-transplant



Lancet 2013
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75% infected/

Inflamed

N=56



Blood. 2020;136(10):1201-1211 



Marsh et al, J Clin Immunol (2019) 39:653–667

Risk of acute GVHD

Grades 1-4 Grades 3-4



Effect of IBD on Overall HSCT Outcome

J Clin Immunol (2019) 39:653–667



Pediatr Infect Dis J 2021;40:649–654)



Nature Medicine | VOL 26 February  2020, 200–206



Nature Medicine | VOL 26 February  2020, 200–206

9 Patients

2 early Deaths

1 loss of DHR/VCN



XCGD-N104: Chronic Inocutis (Phellinus) pneumonia 

GTX 6 months post



Gene Therapy for CGD

GTX can be successful

Even with active infection/inflammation

Resolves refractory infections (mostly fungal)

May resolve inflammatory bowel disease



Dihydrorhodamine oxidation (DHR)

Normal

X-carrier

X-CGD

p47phox

Wild type

10%DHR+

X gp91-

AR  p47-/-

Vowells et al, 1995, 1996



Distribution of %DHR+ by Age



What about X-linked carriers?

They have trouble too

Autoimmune or 

inflammatory Manifestations

Infections

CGD-like infections happen as the %+DHR falls below ~30%

Autoimmune or inflammatory complications are unaffected by %+DHR



What is coming for CGD?

Jak inhibitors for inflammatory complications 

Microbiome studies for inflammatory bowel disease

New antifungals

Base editing for gene repair (instead of gene replacement)

New forms of HSCT that might spare fertility



Andrea Gressani John I. Gallin
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