
Role of immunomodulation in treatment 
of severe fungal infections in patients 
with chronic granulomatous disease

Mario Abinun

Department of Paediatric Immunology, Department of Paediatric Immunology, 
Great North Children’s Hospital, and 

Primary Immunodeficiency Group, 
Institute of Cellura Medicine, Newcastle University ,

Newcastle upon Tyne, U.K.

mario.abinun@ncl.ac.uk



Uloga imunomodulacije u lecenju gljivicnih 
infekcija u bolesnika obolelih od hronicne 

granulomatozne bolesti

Mario Abinun

Department of Paediatric Immunology, Department of Paediatric Immunology, 
Great North Children’s Hospital, and 

Primary Immunodeficiency Group, 
Institute of Cellura Medicine, Newcastle University ,

Newcastle upon Tyne, U.K.

mario.abinun@ncl.ac.uk



Mirko Mikuska



Hronicna granulomatozna bolest

• Retka bolest (~ 1/200 000) 

• 1957 - primarni poremecaj u funkciji fagocita

enzimski kompleks NADPH oksidaze u neutrofilima
5 gena – komponente nikotinamid adenin 
dinukleotid fosfat (NADPH) oksidaze

gp91phox CYBB 65% XL 
[cytochrome b-245, beta polypeptide]

Cell Mol Life Sci. 2012 January; 69(1): 7–15. 

p22phox CYBA <5% AR

p47phox NCF1 30% AR
[neutrophil cytosolic factor 1]

p67phox NCF2 <5% AR 

p40phox NCF4 1 bolesnik AR



Fagocitne celije - neutrofili, monociti, makrofagi, eozinofili:

• Smanjena produkcija superoksida i kiseonickih radikala (hidr ogen peroksid, hipohlorna kiselina)
(“reactive oxygen intermediates – ROIs; reactive oxy gen species – ROS”)  

– Ostecena funkcija intracelijskog ubijanja mikro-org anizama
– Ostecena funkcija formiranja ‘Ne extracellular trap s’ (NET)

• Ogranicen spektar
bakterijskih i gljivicnih infekcija

– Staphylococcus aureus
– Serratia marcescens 
– Burkholderia cepacia complex  
– Nocardia species– Nocardia species
– Aspergillus species 
– Candida species

• Pluca 
• Koza i limfni cvorovi
• Gastrointestinalni sistem i jetra 

• Deregulacija zapaljenske reakcije
– Formiranje granuloma



Bolest I Prognoza



Prevencija I Terapija

• Antibiotici
• Antiglivicni lekovi
• Interferon Gamma
• Hirurgija

• Imunosupresivni i anti-inflamatorni lekovi

• Presadjivanje maticnih celija kostne srzi
• Genska terapija
• Indukovane pluripotentne maticne celije (iPSC)



2009
• 20 bolesnika (2 U)

Feb 2012
• 40 bolesnika (5 U)



Da li su svi bolesnici kandidati za HSCT ?

N Engl J Med. 2010 December 30



Stein S et al. 

Genomic instability and myelodysplasia 
with monosomy 7 consequent to 
EVI1 activation after gene therapy 

for chronic granulomatous disease.

Nat Med. 2010 Feb;16(2):198-204
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Patient-derived induced pluripotent stem cells (iPSCs) represent a novel and powerful tool for in vitro 
modeling and correction of human diseases. 

In this issue of Blood , Zou et al report on the generation and correction of iPSCs from a patient with X-
linked chronic granulomatous disease (X-CGD), a severe primary immunodeficiency (PID) because of 
defects of the NADPH oxidase.



Problemi sa gljivama



• Antibiotici ‘sirokog spektra’
• Respiratorni distres
• Metilprednizolon  ‘puls’ 1g/d x 3 dana

- sumnja na ‘vaskulitis/ARDS’
• ECMO – ekstra-korporalna membranozna oksigenacija



Absent protein 
(p47-phox) expression

Gene scan ( NFC1): 
only pseudogenes present, indicating 

autosomal recessive 

normal control patient

Absent neutrophil oxidative burst (dihydrorodamine DHR)

Aspergillus u BAL

autosomal recessive 
(p47-phox – negative) CGD



Antibiotici ‘sirokog spektra’

Metilprednizolon  ‘puls’  300 mg/d x 3 dana  - ‘ARDS’

CYBB (C1571>T subst., exon 9) 



• No 1

- Vorikonazol + Kaspofungin
- IFN-G
- Transfuzije leukocita

- MP 1 mg/kg/d

- ECMO (2 nedelje) => MOF
- Aspergillus fumigatus (PM)

• No 2

- Vorikonazol + Kaspofungin + Ambizom

- MP 1 mg/kg/d

- ECMO
7 dana => MOF
Aspergillus fumigatus destruktivna pneumonia (PM)



Primary immune defect

Persisting opportunistic 
infection

Suboptimal, chronic 
immune response

Bystander tissue damage 
“AUTOIMMUNITY”

Incomplete clearance of 
pathogen

Arkwright, Abinun, Cant. Blood 2002

Smanjen oksidativni metabolizam

- glavni uzrok ponavljanih infekcija, 
granulomatoznih komplikacija i prerane 
smtrtnosti

Reeves et al. Nature 2002

‘Hiperinflamacija’ i CGD - I

Hronicna granulomatozna bolest i ‘autoimunost’

- ostecen postupak ‘ciscenja’ apoptoticnih celija

- genski polimorfizmi (FcγR; MBL) (‘background genes’)

=> SEL
Foster et al. JCI 1998

Phosphatidylserine 

Clinical and Developmental Immunology 2012



Kortikosteroidi u CGD

• Kortikosteroidi smanjuju aktivaciju, proliferaciju i diferencijaciju makrofaga i limfocita, 
celija koje imaju znacajnu ulogu u zapaljenskom procesu  i stvaranju granuloma

• Istorijski, efekat kod  opstruktivnih i zapaljenskih komplikacija

• ‘Mulch’ pneumonitis

• Apsces jetre

• 1 mg/kg/d 2-3 nedelje
• Postepeno smanjenje doze 

(nedelje - meseci)
• Istovremeno sa antimikrobijalnom terapijom



Post mortem

Aspergillus fumigatus Absidia corymbifera

No 1

Abinun M et al. 
Absidia corymbifera in a Patient With Chronic Granulomatous Disease. 
Ped Inf Dis J 2007



Kortikosteroidi u CGD

• Kortikosteroidi smanjuju aktivaciju, proliferaciju i diferencijaciju makrofaga i limfocita, 
celija koje imaju znacajnu ulogu u zapaljenskom procesu  i stvaranju granuloma

• Istorijski, efekat kod  opstruktivnih i zapaljenskih komplikacija

• ‘Mulch’ pneumonitis
• Apsces jetre

• 1 mg/kg/d 2-3 nedelje
• Postepeno smanjenje doze • Postepeno smanjenje doze 

(nedelje - meseci)
• Istovremeno sa antimikrobijalnom terapijom

• Cave!
– Jatrogena imunosupresija
– Infekcije

J Allergy Clin Immunol. 2009

Mucormycosis in chronic granulomatous disease: 
association with iatrogenic immunosuppression.

Vinh DC, Freeman AF, Shea YR, Malech HL, Abinun 
M, Weinberg GA, Holland SM



‘Hiperinflamacija’ i CGD - II

Moguci poremecaji:

• Apoptoza Ne

• Mehanizmi urodjene imunosti
– NfKB-signalni mehanizmi
– Regulacija TNF-a, IL-17, IL-6, GCSF 
– Razgradnja leukotriena B4 i C5a– Razgradnja leukotriena B4 i C5a
– Produzena aktivacija IL-8 m-RNA

• Regulacija zapaljenske reakcije
– Aktivacija Nrf2 (anti-iflamatorni regulator)
– Aktivacija peroxisome proliferator activated 

receptor c  (PPARC)
– Katabolizam triptofana (misevi, ne i ljudi)

• Romani et al. Nature 2008
• Segal BH et al. PLoS One 2010

– Aktivacija inflamazoma

Clinical and Developmental Immunology 2012



Blokada TNF-alfa

Deffert C et al. 
TNF-α blockade in chronic granulomatous disease-induced hyperinflammation: 

patient analysis and murine model.
J Allergy Clin Immunol. 2011 Sep



T McG m (Jun 2011)

XL CGD

Varicella; S Aureus lymphadenitis (LC vrata); Kolitis (‘akutni abdomen’); Apsces jetre

Antibiotici (meropenem/teikoplanin/amikacin)

- ciprofloksacin, klindamicin, septrin

Ambizom, Vorikonazol

M-Prednizolon 1 mg/kg/d 7 dana – Pronizon, postepeno smanjena doza (2 nedelje)

Infliximab 10 mg/kg x1

Dec 2011 Jan 2012



Meissner F et al. 
Inflammasome activation in NADPH oxidase defective mononuclear 
phagocytes from patients with chronic granulomatous disease. 
Blood. 2010; 116(9):1570-1573.

van de Veerdonk FL et al.  
Reactive oxygen species-independent activation of the IL-1beta 
inflammasome in cells from patients with chronic granulomatous disease. 
Proc Natl Acad SciUS A. 2010(7); 107:3030-3033.

Latz E.  Blood 116(9),  2 SEPTEMBER 2010

Blokada IL-1



AI m (Sept 2002)
upucen za HSCT Januar 2010

• X Linked Chronic Granulomatous Disease (1 yr)
– negative neutrophil oxidative burst
– hemizygous for CYBB mutation (exon 11: c.1375C>T, p.G1n459X)

• T cell lymphopaenia with absent naïve cells post thymectomy (for thymic abscess) aged 7 months
– Severe varicella (March 2008)

• Chronic inflammatory colitis with focal lymphangectasia and poor weight gain (aged 6 mo-1 yr)
• Non specific hepatitis (Jan 2007)

• Frontal skin/bone abscess (Klebsiella pneumonaie) (2003)
• Right parietal Cerebral abscess – presumed fungal (Oct 2009) 

– Syndrome of Inappropriate Anti-Diuretic Hormone (SIADH), July 2009

• Aspergillus nidulans pneumonia with rib invasion (Feb 2007)
• Scopulariopsis pneumonia (Right Middle Lobe) (July 2009) with persistent consolidation on CT
• Interstitial lung disease with areas of destruction on CT (Jan 10)

• Mb Avium Complex (MAC) osteomyelitis of left cuboid bone (May 2009)
– Hearing impairment post Amikacin (Aug-Dec 2009) requiring hearing aids

• Biochemical rickets (fractures after minimal trauma; left tibia, fibula and humerus) (Nov 2009)



Feb 07: Aspergillus nidulans (BAL) 
MIC (mg/l)

Amphotericin Sensitive 1

Caspofungin Sensitive 0.25

Itraconazole Sensitive 0.125

Posaconazole Sensitive 0.125

Voriconazole Sensitive 0.06

Aug 09: Scopulariopsis (Microascus cinereus) filamentus fungus (BAL) 

MIC (mg/l)MIC (mg/l)

Amphotericin Sensitive 1

Caspofungin Intermediate 4

Itraconazole Resistant >16

Posaconazole Intermediate 2

Voriconazole Intermediate 4

Micafungin Sensitive 0.25

Terbinafine U 2

July 09: Mycobacterium avium Complex isolated from left cuboid bone.
Sensitive to: Amikacin, Streptomycin, Clarithromycin, Ethambutol, Prothionamide, Clofazimine, Capreomycin. 
Resistant to: Ciprofloxacin, Rifampicin, Rifambutin.



• Interferon gamma
• Ambisome (Vori+/-Caspo)
• Micafungin 
• (Amikacin)
• Ethambutol
• Clarithromycin
• Ergocalciferol 
• Posaconazole

• Steroidi 
(1 mg/kg/d – 0.5 mg/kg/alt d)

• Infliximab 
(10 mg/kg) mesecno

• Anakinra 
(1-3 mg/kg/d) u OIN



Matched sibling donor bone marrow + cord transplant  (Treo/Flu) Nov 2011

• Chronic inflammatory colitis

• Slow healing of grafted laparotomy wound - post-splenectomy / complications

• Chronic lung infections (Aspergillus nidulans and Scopulariopsis spp.)
Persistent right middle lobe (CT / MRI) bronchiectasis / interstitial lung disease

• Right parietal cerebral abscess
• Avium Complex (MAC) osteomyelitis of left cuboid bone 
• Fluid retention and generalised pitting oedema

Haematuria / Friable bladder epithelium / Calyceal papillary necrosis / Calciuria 
• Hearing impairment

• MOF 



Major pathways in the control of intracellular infe ctions with Mycobacterium and Salmonella.

Pate l S Y e t al. J Clin Pat hol 2008;61:1006-1012
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Moshous D et al. 
Granulomatous inflammation in cartilage-hair 
hypoplasia:  risks and benefits of anti-TNF-α mAbs. 
J Allergy Clin Immunol. 2011 Oct
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