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Take Home Message (117 characters spaces included): 

Unusual pathogen-driven sepsis should prompt to screen for chronic granulomatous 

disease, even in adult patients. (111) 
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Case Report (1211 words)  

 Chronic granulomatous disease (CGD) is a rare primary immunodeficiency caused 

by a germline defect in one of the genes (CYBB, NCF1, CYBA, NCF2) encoding the NADPH 

oxidase 2 (NOX2) components responsible for the phagocyte oxidative burst and the 

production of reactive oxygen species (ROS). An early diagnosis and a prompt treatment are 

crucial for improving outcome of affected patients. CGD is usually diagnosed in early 

childhood, and more than 95% of cases are diagnosed by the age of 5 (1, 2). However, CGD 

can be diagnosed late in adulthood (1-3). Aside from residual NOX2 activity, factors 

underlying late diagnosis of CGD remain poorly investigated. Here, we report a case of 

aspergillus-induced pneumonia rapidly extending to fatal acute respiratory distress 

syndrome (ARDS) revealing a late diagnosis of CGD, which was associated with a residual 

mitochondria-driven netosis counterbalancing the lack of functional NOX2. Written informed 

consent was obtained from the deceased patient’s next-of-kin for publication of this case 

report and accompanying images. 

Case. A previously healthy 24-year old Tibet native man presented at the emergency 

room (day 1) with fever, cough and shortness of breath worsening over 5 days. No treatment 

or evidence for an immunocompromised state was reported in the past medical history. 

Initial chest x-ray revealed bilateral infiltrates. After 4 days of outpatient treatment with 

macrolides, the respiratory failure worsened leading to urgent endotracheal intubation and 

mechanical ventilation (MV) support at day 5. Chest radiograph demonstrated extensive 

bilateral alveolar infiltrates. The diagnosis of severe acute respiratory distress syndrome 

(ARDS) was made (4). Despite the negativity of all bacteriological samplings and given the 

high suspicion of pneumonia, a broad-spectrum antibiotic therapy was started at day 5. 

Extensive diagnostic workup on BAL and blood samples (standard microbiology and 

virology, universal PCR, immunostaining and immunofluorescence and screening for 

autoimmune diseases) remained negative, except for Aspergillus fumigatus with positive 

PCR in BAL. Intravenous voriconazole was started at day 10. Beside lung failure, the patient 



developed septic shock and acute renal failure at day 13, Because of refractory hypoxæmia, 

veno-venous extracorporeal membrane oxygenator (ECMO) was placed at day 13, and the 

patient was therefore transferred to our ECMO referral centre. Chest computed tomography 

(CT) scan imaging (Figure 1 A) revealed bilateral alveolar-interstitial infiltrates centered 

around the bronchial tree, compatible with a bronchogenic dissemination of an infectious 

pathogen. These ground-glass patterns also coexisted with multiple excavated pulmonary 

nodules in the anterior parts of the chest. Culture of BAL fluid samplings were positive for 

Aspergillus fumigatus. As we did not expect Aspergillus spp-induced ARDS in an 

immunocompetent patient, we performed a lung biopsy at day 18. Histological findings 

showed mycelial filaments with neutrophils accumulating in disseminated granuloma.  

Due to a suspected neutrophil defect, an extended ex vivo functional analysis was 

performed enabling to diagnose a CGD (5). While neutrophil chemotaxis and phagocytosis 

were normal (data not shown), the nitro-blue tetrazolium reduction test showed a 

dramatically impaired ROS production (Figure 1 B), which was confirmed by luminol-

amplified chemiluminescence and cytochrome c reduction assays (Figure 1 C and 1 D). The 

five components of NOX2 were detectable (figure 1 E), suggesting the presence of a 

mutation allowing protein expression, but strongly impairing enzymatic activity. This is in line 

with some residual NOX2 activity (data not shown). Subsequently, DNA sequence analysis 

by fluorescent sequencing revealed a hemizygous missense mutation in exon 10 of the 

CYBB gene encoding gp91phox subunit (refSeq: NM_000397.3) c.1178C>T,p.Thr393Ile) 

(data not shown). This C-to-T nucleotide transition, that causes the change of threonine for 

isoleucine at position 393, has not been previously described in CGD and is not reported in 

exome sequencing data from more than 120,000 individuals (gnomAD, 

http://gnomad.broadinstitute.org/). This p.Thr393Ile substitution was predicted to have 

deleterious effects, since Thr393 is highly conserved in the NOX family enzymes. Indeed, 

Thr393 is located close to the NADPH binding site on the C-terminal part and this mutation 

might therefore impair NADPH binding and/or electron transfer to FAD. 



Among the mechanisms highly involved in anti-fungal response, netosis, i.e., the 

release of neutrophil extracellular traps (NETs) (extracellular DNA fibers decorated with 

intracellular antimicrobial components) has been highlighted (6). NETs can ensnare and kill 

large pathogens, such as fungi, that are too large to be engulfed (7). Netosis was assessed 

by quantifying extracellular DNA release as previously described (8). While calcium 

ionophore A23187, a NOX2-independent stimulus of netosis, triggered the release of NETs 

from patient neutrophils ex vivo, phorbol myristate acetate (PMA), a NOX2-dependent 

stimulus of netosis did not have any effect (Figure 1 F). Immunofluorescence confirmed that 

MPO, lactoferrin and citrullinated histone 3 were only observed on DNA filaments in 

response to A23187 (Figure 1 G). Thenoyltrifluoroacetone (TTFA) an inhibitor of 

mitochondrial respiratory chain decreased A23187-derived NETs suggesting a role for 

mitochondria in NOX2-independent netosis (Figure 1 F). We thus confirm that the absence 

of functional NOX2 may force neutrophils to use mitochondria as alternative ROS source, 

promoting mitochondria-driven netosis, as already suggested (9). Despite the eradication of 

Aspergillus from BAL fluid, the patient died at day 49 from a multiple organ failure with 

refractory ARDS. 

Discussion. CGD is usually diagnosed in early childhood. The mean age of 

diagnosis for the X-linked recessive form is 3 years of age while the autosomal recessive 

forms are diagnosed at 7.8 years of age (1-3). Few CGD cases have been diagnosed in 

adulthood beyond the fourth decade (1-3). The vast majority of those lately diagnosed cases 

were explained by some residual cytochrome b and ROS residual production. To our 

knowledge, there are no delayed cases of CGD linked to a residual neutrophil netosis in the 

literature to date. The originality of our CGD case report, therefore, resides in the fact that 

the delayed manifestation of severe sepsis might be explained, at least in part, by the 

existence of a residual mitochondria-driven netosis due to mitochondrial-derived ROS. This 

form of netosis, independent of NOX2 and not preponderant in the cell, could partly 

counterbalance the lack of functional NOX2 and participate to pathogen killing. However, 



despite the existence of this particular netosis form, the patient could not control his 

aspergillosis. Gazendam et al. already suggested that CGD neutrophils could form NETs in 

response to Aspergillus hyphae, but could not kill them (10). Moreover, NETs inhibition 

effects on Aspergillus hyphae activity has been shown to be impaired in a CGD patient and 

restored after gene therapy (11). Besides being ineffective to clear infection, NETs might 

have worsened organ failure and contributed to poor patient outcome. Indeed, their capacity 

to damage tissues is particularly well documented in sepsis (12), acute lung injury (13), and 

experimental model of influenza-induced ARDS (14). 

Like other fungi or parasites, such as Pneumocystis jirovecii, Aspergillus was 

identified as a pathogen causing ARDS in immunosuppressed patients (15-17). Every time 

the diagnostic workup identifies such pathogens as the sole cause of ARDS, clinicians 

should screen either primary or secondary acquired immunocompromised state, i.e., isolated 

or combined humoral and cellular immunity, complement proteins, or phagocytic cells 

disorders including CGD. Moreover, we suggest that adults presenting with a life-threatening 

sepsis related to unusual pathogens, in the absence of obvious secondary 

immunodeficiency (e.g. diabetes mellitus, corticosteroid use) should also be screened for 

underlying immunodeficiency including CGD. Early diagnosis of CGD remains crucial since 

benefits can result from hematopoietic stem cell transplantation, infection prophylaxis, and 

genetic counseling for the relatives. 
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Figure legends 

Figure 1. Chronic granulomatous disease (CGD) diagnosis elements. A: Computed 

tomography imaging at day 16 displaying bilateral extensive alveolar-interstitial infiltrates 

centered around the bronchial tree. These ground-glass patterns also coexisted with multiple 

excavated pulmonary nodules in the anterior parts of the chest. Overall bilateral lesions 

eventually worsened, as displayed on the computed tomography imaging at day 40. B: 

comparison of nitro blue tetrazolium (NBT) reduction in neutrophils isolated from a healthy 

donor and the CGD patient. Whole blood was incubated for 20 min at 37°C in the presence 

of NBT with either serum-opsonized coagulase-negative Staphylococci ((a), control and (b), 

CGD patient) or LPS ((c), control and (d), CGD patient). Following formol fixation and red 

blood cell lysis, leukocytes were spun onto a microscope slide using a cytocentrifuge and 

stained with fuchsin. (e): Quantification of NBT reduction was performed by measuring the 

percentage of neutrophils with intracellular NBT formazan deposits (white arrow head). 

Scale bar represents 20 µm. C: Comparison of reactive oxygen species (ROS) production by 

neutrophils isolated from a healthy donor and the CGD patient. Neutrophils were purified 

using Dextran/Ficoll technique. Neutrophils (0.5 x 105 cells/0.5ml) were incubated in Hank’s 

buffer for 10 min in the presence of luminol (10 µM) at 37°C. ROS production was measured 

after stimulation with PMA (100 ng/ml) using a chemiluminometer. D: Comparison of 

superoxide anions production by neutrophils isolated from a healthy donor and the CGD 

patient. Neutrophils (106cells /ml) were preincubated 10 min at 37°C with cytochrome C (1 

mg/ml) in HBSS and stimulated with PMA (100 ng/ml). Reduction of cytochrome c was 

determined by measuring optical density at 550 nm by an UVIKON 860 spectrophotometer 

at 550 nm. E: Immunoblot analysis of NOX2 subunits from the CGD patient neutrophils. 

Neutrophils (5 x 106 in 200 µl) in PBS were lysed by the addition of 5X Laemmli sample 

buffer, heated at 100°C for 3 min and subjected to SDS-PAGE followed by immunoblot 

analysis with specific anti-gp91phox, p22phox, Rac2, p67phox, p47phox and anti-p40phox 

antibodies. F: Extracellular DNA release from highly purified patient and control neutrophils 



(Miltenyi neutrophil isolation kit) as measured by Sytox Green fluorescence. Cells were 

stimulated with 25 nM PMA, 5 µM A23187 with or without TTFA (10 µM). Results were 

expressed as fluorescence arbitrary units normalized according to baseline and medium 

values using the following formula: [(Stimulus fluorescence endpoint – Stimulus fluorescence 

baseline)- (Medium fluorescence endpoint – Medium fluorescence baseline)]. Data are 

shown as mean ± SEM for each condition (run in triplicates). G: Immunostaining of 

neutrophils extracellular traps (NETs). Blood neutrophils isolated from the chronic 

granulomatous disease (CGD) patient were seeded on polylysine-coated glass coverslips, 

stimulated by PMA (upper panel) or A23187 (lower panel) and stained with anti-LF (green), 

anti-MPO (red), anti-H3cit (green) antibodies. Co-staining of DNA was done by DAPI 

(blue)(magnification x 600).  Scale bar represents 20 µM. A23 = calcium ionophore A23187; 

CGD = chronic granulomatous disease; CTL = control; DNA = deoxyribonucleic acid; fMLP = 

formyl-methionyl-leucyl phenylalanine; H3cit = citrullinated histone 3; LF = lactoferrin; MPO = 

myeloperoxidase; NBT = nitro-blue tetrazolium; PMA = phorbol myristate acetate; TTFA = 

thenoyltrifluoroacetone. 
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