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Epidemiology of pediatric
 

IA

6 tertiary care medical centers US, 2000-05
proven IA 78%, probable 22%
139 pediatric patients

hematologic malignancy 63%
inherited immunodeficiency 12%
solid organ transplant 12%

etiology:
A. fumigatus 53%
A. flavus 16%
A. niger & A. terreus 5% (each)
A. nidulans 1%

outcome:
53% deceased (70% due to IA or with active IA) 

Burgos, Pediatrics 2008



Neutrophil disorders

Primary defects in neutrophil function are not 
common, but

Require aggressive and specific management
Lifelong prophylaxis in many cases

Phagocytic cells are cornerstone of the innate immune 
system



PID & risk of IFI

Immune 
deficit

Clinical disorders Fungal infections

Humoral XLA, AR-agammaglobulinemia, CVID, 
IgA-deficiency

very unlikely

Cellular SCID, diGeorge, hyper-IgM, Wiskott-
 Aldrich

sporadic, variable (Candida, 
Aspergillus, Crypto, dimorphic)

Phagocytic CGD, MPO, LAD, congenital 
neutropenia

Aspergillus frequent in CGD, 
variable (Candida, Aspergillus, 
dimorphic)

Complement deficiencies specific factors or MBL very unlikely

Others hyper-IgE syndrome,
CMC, defects IFNy/IL12

Aspergillus in HIES, variable 
(Candida, Aspergillus, Crypto) 
superficial in CMC

reviewed by Antachopoulos, Eur J Ped 2007
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Primary immunodeficiencies are hereditary disorders involving one or multiple components of the immune system, 
which result in increased susceptibility to infections and significant morbidity and mortality if untreated. Depending on the component of the immune system
which is affected most, primary immunodeficiencies are divided into broad categories, including humoral, cellular,
combined humoral and cellular, phagocytic, complement,and other, well characterized immunodeficiency syndromes
For each of these disorders, the pattern of infectious organisms to which increased susceptibility is observed and,
often, the clinical presentation of the infection, largely depend on the underlying immune deficit.
�



PID & Invasive Aspergillosis

Chronic granulomatous disease
Lifetime incidence IA 25-40%
Most common cause of death (∽35%)

Hyper-IgE syndrome
Occasionally observation of IA
Important cause of death



Host response to
 

fungal infections
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The innate immune response is mediated through a variety of cells, exhibiting phagocytic and antigen-presenting activity play a key role. These include neutrophils, mononuclear leukocytes (macrophages and monocytes) and dendritic cells. Innate immunity host cells recognize fungal pathogens through Toll-like receptors and other components of the fungal cell wall. Additional phagocytic cells are recruited to sites of infection by the action of inflammatory mediators, such as cytokines and chemokines. Intracellular killing or extracellular damage of fungal elements is achieved through oxidative and non-oxidative mechanisms and may be augmented by T-cell derived cytokines. In the oxidative pathway, enzymes such as the nicotinamide adenine dinucleotide phosphate (NADPH) oxidase and nitric oxide (NO) synthase produce reactive oxygen intermediates mediating toxic effects on the fungal cells. Non-oxidative fungal killing is achieved through degranulation and release of defensins, neutrophil cationic peptides and other fungicidal molecules. The development of adaptive immune responses to fungi is mediated through differentiation of CD4+ T cells to a Th1 response characterized by the production of cytokines such as interferon (IFN)-γ, interleukin (IL)-2, IL-12, and IL-18, which, among other activities, stimulate phagocytic activity. Effective protection against invasive mycoses correlates with predominance of Th1 over Th2 adaptive responses.
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Intracellular killing

Reactive oxygen intermediates
O2 is reduced to •O2

- by NADPH
•

 
hydroxyl radicals (•OH) and

•
 

hydrogen peroxide (H2
 

O2
 

) by superoxide
 dismutase

Lysosomal enzymes
Defensins, lactoferrin
activity pH-dependent

Meyloperoxidase (MPO) from lysosomes
Fusion fagosome + lysosome
H2O2 + chloride > hypochloriet (HOCl) by MPO
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MPO catalyzes the formation of HOCl from H2O2 and Cl
NADPH-oxidase catalyzes the reaction: NADPH to NADP+ and H+
this leads to superoxide O2- and by the use of superoxide dismutase H2O2 (O2- + 2 H2O) is formed
Patients with myeloperoxidase (MPO) deficiency show a mild predisposition to invasive infections with Aspergillus and Candida spp, although MPO-deficient persons are usually healthy. Myeloperoxidase is located within neutrophils capable of producing hypochlorous acid being active in vitro against fungi. 
�



Chronic granulomatous disease

• XL (65%) and AR inheritance
• Defect in NADPH-oxidase complex 
• Diminished oxidative response 
• Life-threatening bacterial and fungal 
infections
• Exuberant inflammatory responses -> 
granuloma formation
• 1: 200.000

Brukernavn�
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There are 5 subunits comprising the NADPH oxidase The entire complex is required for the production of superoxide, O2-. Superoxide itself is a weakly microbicidal agent. Metabolism to H2O2 (hydrogen peroxide) by superoxide dismutase results in a more microbicidal compound, and H2O2 (hydrogen peroxide)  can be converted to HOCl (hypochlorous acid) by MPO. Both H2O2 and HOCl are strongly microbicidal. Additional bichemical reactions produce peroxynitrite anion and nitryl chloride, which contribute additional microbicidal activities. �



CGD and fungal infections

Combined US & European data

2nd most common infection caused by Aspergillus spp.
invasive aspergillosis main cause of death (∽35%)
Aspergillus spp. main cause of pneumonia (20-41%)
Aspergillus spp. main cause of osteomyelitis (∽35%)
Aspergillus spp. main cause of brain infections (38%)
Candida spp. mainly as cause of lymphadenitis, 
meningitis and bloodstream infections 
Candida spp. less common cause of death (∽6%)

van den Berg, PlosOne 2009
Winkelstein et al, Medicine 2000



Mould infection as presenting 
symptom in CGD

Multiple case-reports:
Gastrointestinal zygomycosis due to Rhizopus 
microsporus var. rhizopodiformis in 10-month-old boy
Chronic Fusarium infection in adult patient
Disseminated intracranial aspergillosis in 8-year-old 
boy
Invasive pulmonary aspergillosis in male neonate of 1 
month of age
Splenic abscesses caused by Paecilomyces variottii in 
a 21-month-old child

Dekkers, Med Mycol 2008; Wang, Diagn Microb Inf Dis 2005;
Mouy, Arch Ped 1995; Alsultan, Ped Blood Cancer 2006;

Mansoory, CID 2003



A. nidulans and CGD

25 reported patients
90% XL-CGD
75% lung invasion with direct spread to adjacent 
chest structures
20% bone infections

vertebrae 45%
ribs 37.5%

Henriet et al, submitted
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Anamorph = asexual
Teleomorph = sexual�



A. nidulans and CGD

Emericella nidulans (teleomorph)
other species of Emericella rarely identified as 
agents of infections in humans
Species not encountered in other groups of 
immunocompromised patiënt
Increased virulence as shown by more easily 
dissemination to adjacent structures
Associated with increased mortality when 
compared to A. fumigatus  (50% vs. 5-10%)

Dotis, Int J Inf Dis 2004
Segal, Medicine 1998

Brukernavn�
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Anamorph = asexual
Teleomorph = sexual�



Emericella spp. in CGD

E.nidulans Lung 
biopsy

Proven IA E.quadrilineata NIH, Bethesda

E.nidulans Lung 
biopsy

Proven IA E.quadrilineata NIH, Bethesda

E.quadrilineata BAL-fluid Probable 
IA

E.quadrilineata Nijmegen, NL

E.nidulans Bone 
tissue

Proven IA E.rugulosa Thessaloniki, 
Greece

E.nidulans Brain 
tissue

Proven IA E.nidulans var. 
echinulata

E.nidulans Tissue Proven IA E.nidulans var. 
echinulata

Nijmegen, NL

Verweij et al, EID 2008
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Authors of papers that described infections by E. nidulans or E. quadrilineata were approached to send their isolates as well as colleagues caring for patients with CGD or might otherwise have a collection of E. nidulans isolates. Sequence based identification was carried out by using partial sequence data of the ITS1 and ITS2 regions. In addition parts of the beta-tubulin and calmodulin genes were sequenced.�



Susceptibilities of Emericella
 spp.

drug E.nidulans 
(n=12)

E.quadrilineata
(n=12)

significance

Amphotericin B 2.5 0.5 P < 0.05

Itraconazole 0.07 0.13 NS

Voriconazole 0.26 0.39 P < 0.05

Posaconazole 0.25 0.22 P < 0.05

Caspofungin* 0.01 1.83 P < 0.05

Verweij et al, EID 2008
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Despite the close morphological and genetic relatedness between E. nidulans and E. quadrilineata, there were significant differences is activity of antifungal agents which supports biological differences being present between these species. Antifungal drug susceptibility testing was performed by using a microbroth dilution assay and for all drugs minimum inhibitory concentration was determined wit the exception of caspofungin for which a microscopic end-point was used (minimun effective concentration)�



Antifungal prophylaxis & CGD

R,DB,PC,MC-study: IFN-γ prophylaxis
128 CGD-patients, median 15 years of age

87% antibacterial prophylaxis
50 ug/m2 s.c. 3x/week for 12 mo

Results:
1 (IFN-γ) versus 4 (placebo) patients with IPA 

(0.38 vs 1.1 cases/patient year)
in vitro no augmentation of superoxide production
augmenting oxygen-independent pathways

Gallin, NEJM 1991;324:509-16

Brukernavn�
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infection rate in placebo arm 1.1.  cases per patient year, in study arm 0.38 cases per patient year
longer term follow-up studies have showed that there is no significant toxicity
follow-up studies have found similar infection rates with combined prophylaxis of antibacterials and IFNgamma
one study also found same infection rates with combination of itraconazole and antibacterials!�



Antifungal prophylaxis & CGD

R,DB,PC,CO-study: itraconazole prophylaxis
39 CGD-patients > 5 years of age

antibacterial prophylaxis
34 patients on IFN-γ

 
therapy

Exclusion:
 

antifungal therapy < 3 mo.
fungal infection < 12 mo.
daily use of prednisone

Gallin, NEJM 2003;348:2416-22



Antifungal prophylaxis & CGD

Itraconazole Placebo

Courses 61 63

Days 20,000 21,253

IFI
(P=0.10)

1 7 

SFI
(P=0.06)

0 5

AE 3 0

Gallin, NEJM 2003;348:2416-22

R,DB,PC,CO-study; 39 patients > 5 y

Brukernavn�
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no differences in IFI in patients receiving IFNgamma (6 in 34 patients) and those not receiving IFNgamma (2 in 5 patients)
interestingly: 50 of 95 plasma samples had no detectable itraconazole and 39 had no detectable hydroxy-itraconazole! still an effect over a short period of time�



Antifungal prophylaxis & CGD

Long-term antifungal prophylaxis may lead to 
the development of infections caused by azole-
induced resistant moulds as well as primarily 
non-susceptible moulds

Warris, NEJM 2002;347:2173-4

Verweij, NEJM 2003;349:1190-1



Antifungal drugs and CGD

extra effect in lowering fungal infections by using 
both IFNγ and itraconazole?
overall infection rate: 0.6-0.8 / patient year
severe infection rate: 0.2-0.4 / patient year

follow-up studies:
1970s all deaths < 10 years of age
1980s 50% mortality < 10 years of age
1990s 50% alive > 20 years of age
2000: survival rate > 20 years is not changing

Martire, Clin Imm 2007; Marcanio, CID 2004; Liese, J Ped 2000
Cale, Clin Exp Imm 2000; Weening, Eur J Ped 1995



Therapeutic options

increased number of antifungals
more important to know which fungus causes the 
infection
analyse susceptibility pattern
prevent empiric therapy, especially after itra prophylaxis
A. fumigatus and A. nidulans most frequent

•
 

1st
 

choice: voriconazole
•

 
alternatives: 

–
 

posaconazole
–

 
combination therapy: vori + echinocandin

–
 

in mice: cAmB + micafungin increased survival

Segal, CID 2005; Walsh, PIDJ 2002
Herbrecht, NEJM 2002; Dennis AAC 2006



Hyper-IgE syndrome

AD and AR form
characterized by:

recurrent and often severe 
pulmonary infections
eczema
staphylococcal abscesses
mucocutaneous candidiasis
various connective tissue, skeletal, 
and vascular abnormalities (AD)

•
 

facial characteristics
•

 
retention of primary teeth

phagocytic 
defect?

Brukernavn�
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coarsening of the facial features with age�



Hyper-IgE syndrome

clinical epidemiology (30 pts):
Staphylococcal abscesses 87%
Recurrent pneumonia 87%
Lung cysts 77%
Mucocutaneous candidiasis 83%

fungal infections:
pulmonary cyst chronically colonized with aspergillus and 
died of a mycotic (A. fumigatus) aneurysm of the brain
femoral osteomyelitis caused by yeast
lymphatic and visceral candidiasis
invasive esophageal Cryptococcus neoformans infection

Holland, NEJM 1999

Brukernavn�
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coarsening of the facial features with age�



Hyper-IgE syndrome

functional immunologic defects:
defective  granulocyte chemotaxis
abnormalities T-cel subgroups
defective antibody production
decreased production and responsiveness to 
IFNy and IL-4

Holland, NEJM 1999

Brukernavn�
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coarsening of the facial features with age�



Hyper-IgE syndrome

Mutations in STAT3 responsible for AD-HIES
STAT3 major signal transducer in many divers 
pathways
STAT3 deficiency:

disturbed cytokine regulation
absence of IL-17
excessive and inadequate inflammation 
leading to pneumatoceles

Brukernavn�
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STAT3 deficiency leads to the absence of IL-17 production by T-cells, and IL-17 producing T-cells (Th17-cells) are an important subset of Th-cells in the clearance of fungal pathogens. A small case serie reports invasive A. fumigatus infections as an important cause of death in these patients.
Figure 4. STAT3 signaling pathway. Multiple cytokines, including IL-6,
IL-10, IL-21, IL-22, and IL-23 activate STAT3 phosphorylation. Dimerized
STAT3 enters the nucleus to affect transcription of various genes. STAT3 can
also dimerize with other STATs. Normal STAT3 signaling leads to the
up-regulation and down-regulation of the cytokines shown in the right lower
corner. IL-10 and SOCS (suppressors of cytokine signaling) can downregulate
STAT3 activity.
STAT3 is one of six STAT proteins that are major signal
transducers involved in many diverse pathways (30). Many
cytokines transmit signals through Janus kinase (Jak)-STAT
pathways (31). The intracellular components of cytokine receptors
often bind to one of four Jak proteins (Jak1, Jak2,
Jak3, Tyk2) leading to STAT recruitment and phosphorylation.
Phosphorylated STAT then dimerizes by the Src homology
2 (SH2) domain, translocates to the nucleus leading to
activation of STAT-regulated genes. STAT3 is involved in the
signal transduction of many cytokines, including but not
limited to IL-6, IL-10, IL-21, IL-22, and IL-23, and plays an
integral role in wound healing, angiogenesis, cancer, and
immunity (Fig. 4) (30).
The clinical phenotype of HIES is one of both excessive
and inadequate inflammation. The prolonged local inflammation
in the lung leading to pneumatocoeles is an example of
excessive inflammation, with the susceptibility to infections
including opportunists and the characteristic “cold” boils being
examples of inadequate inflammation. This dichotomy is
expected as both pro- (e.g., IL-6) and anti-inflammatory (e.g.,
IL-10) cytokines signal through STAT3.
Evidence of proinflammatory cytokines is present in the
cytokine and microarry data of individuals with HIES as well
as through myeloid specific Stat3 knock out mice (5,32,33).
Increased expression of TNF-alpha and IFN-gamma, likely
due in part to impaired IL-6 signaling, is evident in myeloidspecific
Stat3 knockout mice (33). These findings reflect the
immunologic data of individuals with STAT3 mutations in
whom leukocyte microarrays show increased proinflammatory
activity, such as increased TNF-alpha at rest and after stimulation
(5). In addition, in vitro HIES peripheral blood mononuclear
cells have increased proinflammatory cytokine secretion
(TNF-alpha, IFN-gamma, and IL-12) after stimulation
with specific agonists (5,32).
In mice and humans, STAT3 is integral to Th17 cell
differentiation and IL-17 production. One of the most consistent
immunologic findings in HIES is the near total absence of
Th17 cells and severely impaired IL-17 production. Th17 CD4 cells are thought to be important in
host defense through recruitment of neutrophils well as upregulation of antimicrobial peptides. The significance of
diminished IL-17 production in humans is still being elucidated, but mice that are deficient in IL-17 are prone to
Candida and Klebsiella infections (38,39). Th17 cells are also important for IL-22 secretion, which is critical for betadefensin
production (40). Lack of beta-defensins has been implicated in susceptibility to S. aureus in individuals with
eczema (41). Therefore, the S. aureus abscesses of HIES may in part reflect decreased defensins secondary to the lack of
Th17 cells. Beta-defensins are also expressed in the lung and might in part explain the susceptibility to pneumonias (42).
Further evidence of impaired immunity is the greatly diminished monocyte chemoattractant protein-1 levels in HIES
patient peripheral blood mononuclear cells after IL-6 stimulation(5,6). Monocyte chemoattractant protein-1 is a chemokine
involved in chemotaxis and the simulation of several cytokines. �



Hyper-IgE syndrome

Freeman, J Allergy Clin Immunol 2009
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Remarkable in Hyper-IgE syndrome patients is that their immune systems are not capable to keep the aspergillus infection localized in the pneumatoceles (as seen in patients with cavities due to TB earlier in life.
A, Patient 3, gross lung specimen showing pneumatoceles. B, Patient 6, fungal elements within bronchus.
C, Patient 6, fungal elements within pulmonary cavity (GMS stain).
�



Hyper-IgE syndrome

Freeman, J Allergy Clin Immunol 2009

Lung 
cyst

McC age 
at 
first 
pneu

 
moni

 
a

age at first 
known 
fungal 
infection

age at 
first 
known 
pseudomon

 
as 
infection

age at 
death

lung resection

1 YES YES 3 NA 23 29 LLL at
4 y followed
by left
pneumectomy
at 15 y

2 YES YES 7 AF+AN at 23 y 23 24 no

3 YES YES 12 AF at 37 y 36 40 no

4 YES YES 2 AF at 18 y 18 24 RLL at 23 y

5 YES YES <10 AF at 27 y 27 29 RUL at 28 y

6 YES YES 18 AF at 31 y NA 32 LLL at 31 y



Hyper-IgE syndrome

Freeman, J Allergy Clin Immunol 2009

Patient
(age at death)

cause of death PA: lung

1 (29 y) acute pulmonary 
hemorrhage

Cavitary; multi-lobular pneumonia 
(PSEU) with diffuse hemorrhage

2 (24 y) prolonged course Multi-lobular pneumonia; culture with 
Scedosporium (+ brain & kidneys)

3 (40 y) acute pulmonary 
hemorrhage

Cavitary with local vascular invasion by
Aspergillus

4 (24 y) progressive 
pneumonia

Multi-lobular pneumonia (PSEU, AF) 
with intra-alveolar hemorrhage, 
emphysematous changes

5 (29 y) multiple CNS bleeds Cavitary with local vascular invasion by
Aspergillus (+ brain)

6 (32 y) pneumonia Cavitary with local vascular invasion by
Aspergillus; PJP outside cavity with
acute/chronic inflammation
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Mortality from these organisms, including fungal dissemination, indicates that these organisms are not merely colonizing the pulmonary cavities
but are pathogenic and need to be aggressively treated.
FIG 3. A, Patient 2, cerebritis with budding hyphae (GMS stain). B, Patient 5, left middle cerebral artery
thombosis with fungal elements (GMS stain).
�



Antifungal prophylaxis & HIES

Antifungal prophylaxis
when to start?
does it prevent kolonisation of cavities?

IFN-γ prophylaxis
in vitro studies promising results
but mixed clinically results



Conclusions

Invasive aspergillosis in CGD and HIES patients
important with respect to survival 
will azole prophylaxis increase survival rates?

Aspergillus nidulans
The exclusive role in CGD patients
Studies are warranted to analyse why this fungus is a 
problem

Antifungal prophylaxis
Be aware of changing etiology and resistence problems

Therapeutic options
Be sure to know the fungus you are dealing with
Targeted therapy possible nowadays
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