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We know a lot about CGD

Described over 60 years ago

Thousands of patients worldwide

Diagnosis is understood

Mechanisms and pathophysiology known

Prophylaxis proven for bacteria and fungi

Transplantation is common and successful



What is left to learn about CGD?

Why do the infections happen?

How should we treat them?

Why does the inflammation happen?

How should we treat that?

Why does the autoimmunity happen?

Who should be transplanted?

What about X-linked carriers?
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CGD: One phenotype, 5 genotypes
Gene chromosome %

gp91phox Xp21 65%

Autosomal

p22phox 16 <5%

p47phox 7 25%

p67phox 1q42 <5%

p40phox 22 2 cases

frequency 1/100,000 - 1/200,000
– diagnosis usually in childhood

– adult cases recognized, especially autosomal



Infections in North American CGD
S. aureus (liver, lymph nodes,osteo)

S. marsescens (skin, lung, lymph nodes)

B. cepacia (pneumonia, bacteremia)

Nocardia spp. (pneumonia, brain, liver)

Aspergillus spp. (lung, esp. miliary, spine)

Salmonella spp. (sepsis, diarrhea, osteo)

BCG (local and regional dz)

Infections that prove you are an expert: 

Chromobacterium violaceum (brackish water, e.g. Disney World)

Francisella philomiragia (brackish water, Chesapeake Bay)

Granulibacter bethesdensis (widespread)



X-CGD= 16

AR-CGD=7





Gastroenterology 2008;134:1917-1926



Plt decline Alk phos

Liver abscess All 3



~30% of CGD patients get liver abscess : Usually S. aureus.

Dense,

Granulomatous

Not much liquid pus



19 year old X-CGD



Incomplete resection



Ann Allergy Asthma Immunol. 2006;97:257–261.

5 yo girl with CGD
2 liver abscesses, one close to the portal vein
Surgery too dangerous
Added steroids to antibiotics
Resolution fever after 6 days
Resolution of liver abscess weeks later



Before

Prednisone 1 mg/kg

After



CGD Staph Liver Abscesses
Biopsy to prove Staph aureus

Intravenous anti-staphylococcal antibiotics
Steroids ~1mg/kg for 2-3 weeks then taper

Leiding J et al, Clin Infect Dis 2012; 54:694-700



But how does it compare to

surgery or interventional radiology drainage?



Steroid Treatment Was Associated with 
Fewer Repeat Liver Procedures

Radiology and surgery

steroids

Jennifer Leiding, Udo Rudloff
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Treatment of Liver Abscess



Why are Steroids So Helpful in CGD 
Liver Abscess?



Less liver inflammation, 
a major contributor to mortality

Less nodular regenerative hyperplasia (NRH),
less portal hypertension

Less abscess encapsulation, so better drug entry

Altered cell trafficking into and out of abscess

Macrophage survival and activation



Liver Abscess in CGD

Steroids plus antibiotics work

Allow avoidance of surgery

Steroids plus antibiotics have less relapse

Steroids plus antibiotics may have better 
survival
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Survival Separates by DHR value

Low DHR

High DHR



Stringent Intracellular, Loose Extracellular Requirements



O2
- as a Continuous Variable



Mortality divergence
In adulthood



Residual Superoxide Production

Strong genotype-phenotype association

Residual superoxide production is important

You can predict superoxide production from the 
mutation

Affects mortality

Can it be affected?
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Pioglitazone increases PPARg



JACI 2015;135:517-27

CGD Vehicle CGD Pioglitazone



Pioglitazone Restores Staphylococcal killing in vivo in mice
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Pioglitazone induces mitochondrial superoxide production
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Transplantation 2005;79: 1596–1606)



Lancet 2014
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Unpublished Results: NIH CGD BMT
Elizabeth Kang, Mark Parta, Harry Malech

15 CGD BMT with active infection/inflammation

OVERALL SURVIVAL: 13 of 15 (87%)
No deaths due to prior infection

EVENT FREE SURVIVAL: 13 of 15 
Full myeloid donor engraftment

All infections resolved in survivors

GRAFT versus HOST DISEASE:  1 of 15 

Granulocyte infusions: 8 patients (1-5 infusions)



BMT for CGD

BMT can be > 90% successful

Even with active infection/inflammation

Resolves refractory infections (mostly fungal)



X-linked Carriers

Retrospective analysis of 162 females

DHR or NBT on all

Clinical data on 94 females

Median age 36 years (range: 3 months-80 y)

DHR mean 46%DHR+

median 47%DHR+
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Autoimmunity	and	Inflammatory		
manifestations Number	of	Carriers

Discoid	Lupus		Erythematous 14

Oral	ulcers	 7

Photosensitivity	 5
Imflammatory	bowel	disease					

(Crohn's		ilke	disease) 7

Raynaud	syndrome 3
Systemic	lupus	erythematous 3



Two Sets of Identical Twins



Two Sets of Identical Twins
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X-linked Carriers

CGD infections occur below 20%DHR+, sometimes 
higher

Autoimmunity and inflammation are more common 
in carriers but not related to %DHR+

%DHR+ can change over time

%DHR+ Correlates within sibships, but not across 
generations



What is left to learn about CGD?

1. Treatment of liver abscesses is changing, 

steroids and antibiotics work

2. Residual superoxide is important, and it 

can be effected by drugs

3. Bone marrow transplantation is highly 

effective and increasingly safe

4. X-linked carriage of CGD has clinical 

effects and can change over time
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