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ABSTRACT Chronic granulomatous disease (CGD) is a primary immunodeficiency caused by failure of
superoxide production in phagocytic cells. The disease is characterised by recurrent infections and
inflammatory events, frequently affecting the lungs. Improvement of life expectancy now allows most
patients to reach adulthood. We aimed to describe the pattern of pulmonary manifestations occurring
during adulthood in CGD patients.

This was a retrospective study of the French national cohort of adult patients (⩾16 years old) with CGD.
Medical data were obtained for 67 adult patients. Pulmonary manifestations affected two-thirds of adult

patients. Their incidence was significantly higher than in childhood (mean annual rate 0.22 versus 0.07,
p=0.01). Infectious risk persisted despite anti-infectious prophylaxis. Invasive fungal infections were
frequent (0.11 per year per patient) and asymptomatic in 37% of the cases. They often required lung
biopsy for diagnosis (10 out of 30). Noninfectious respiratory events concerned 28% of adult patients,
frequently associated with a concomitant fungal infection (40%). They were more frequent in patients with
the X-linked form of CGD. Immune-modulator therapies were required in most cases (70%).

Respiratory manifestations are major complications of CGD in adulthood. Noninfectious pulmonary
manifestations are as deleterious as infectious pneumonia. A specific respiratory monitoring is necessary.

@ERSpublications
Pulmonary involvement is a major concern in adult CGD patients, making specific respiratory
monitoring necessary http://ow.ly/FjaRS
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Introduction
Chronic granulomatous disease (CGD) is a rare inherited primary immunodeficiency caused by a genetic
defect of the nicotinamide adenine dinucleotide phosphate (NADPH) oxidase. The mode of inheritance
can be X-linked (mutations in the CYBB gene coding for gp91phox protein) or of autosomal recessive form
(mutations in the NCF1, NCF2, CYBA or NCF4 genes coding for p47phox, p67phox, p22phox or p40phox,
respectively) [1]. This defect renders phagocytic cells unable to produce reactive oxygen species (ROS),
which are crucial to killing ingested microorganisms. Thus, CGD is characterised by recurrent
life-threatening infections as well as inflammatory manifestations [2, 3].

The diagnosis of CGD is usually evoked at an early age because of repeated infections [4]. The rate of
severe infections is estimated to be 0.3 per patient per year [1, 4, 5]. CGD patients are particularly
susceptible to fungal infections [6, 7]. In a previous report on the French cohort of 155 CGD patients,
75% of them had presented at least one invasive fungal infection by the age of 30 years [8]. Chronic
noninfectious events may occur in various organs [9, 10]: Crohn’s-like colitis, digestive or urinary tract
obstruction, ocular involvement or respiratory disorders [9, 11].

The lung is the most frequently affected organ (40–85% of patients, both children and adults) [4, 5, 12–14].
Pulmonary infections are of severe concern and invasive aspergillosis represents the major cause of
mortality [15]. Respiratory noninfectious manifestations are probably underestimated because of diagnostic
difficulties. The presence of granuloma was reported in all 32 surgical lung resection tissues from CGD
patients [16].

The outcome of CGD patients has dramatically improved over the last decades thanks to anti-infectious
prophylaxis with itraconazole and trimethoprim-sulfamethoxazole [17, 18]. Patients now easily reach
adulthood [19, 20] and CGD is no longer only a paediatric disease. However, little is known about the
clinical presentation of respiratory events in adulthood. Therefore, the aim of our study was to identify the
pattern of pulmonary involvement in adult CGD patients.

Methods
Patients
We conducted a retrospective study of the cohort of CGD adult patients included in the registry of
CEREDIH, the French national reference centre for primary immunodeficiencies, which coordinates a
national network of 60 medical departments [21]. After informed consent was obtained, the medical data
of these patients was recorded in the French and European registries [22].

As of July 2011, 99 out of 174 registered patients with CGD had reached adulthood (⩾16 years old).
Medical data were obtained for 74 of them. Seven patients were omitted because of incomplete data or
being lost to follow-up for >5 years, resulting in 67 included patients.

Diagnosis of CGD was made using functional tests evaluating the production of ROS by neutrophils,
mainly the nitro blue tetrazolium (NBT) test, and confirmed by genetic analysis (49 out of 67 available).

Pulmonary analysis
A specific questionnaire was created, recording: 1) general information on CGD history (age at diagnosis,
functional and genetic results, allogeneic haematopoietic stem cell transplantation, and date of last
follow-up); 2) number of respiratory infections and noninfectious events in childhood; 3) medical reports
of all respiratory infections and noninfectious events in adulthood (age at the event, anti-infectious
prophylaxis, clinical signs, biological results at diagnosis, thoracic computed tomography (CT) performed
at diagnosis and after ending treatment, microbiological identification, diagnostic procedures, pulmonary
functional tests, analysis of bronchoalveolar lavage fluid, and anti-infectious regimen and associated
treatment (immunomodulator therapies and surgery)).

Invasive pulmonary fungal infections were classified according to the 2008 European Organization for
Research and Treatment of Cancer and Mycoses Study Group criteria [23]. Noninfectious respiratory
events were defined as any new pulmonary radiological opacity with: 1) spontaneous resolution without
any anti-infectious treatment; 2) inflammatory pattern in a histological sample in the absence of detection
of any pathogen; or 3) inflammatory pattern in a histological sample with an identified pathogen but
unsatisfactory evolution with anti-infectious treatment only. Special care was taken in the search for
pathogens in pulmonary and blood samples using all available techniques at the time of diagnosis.

Statistical analysis
Data are presented as mean±SD or median (range) as appropriate. Nonparametric comparative tests were
performed using NCSS 9.0.7 (NCSS LLC, Kaysville, UT, USA) and GraphPad Prism version 5.0
(GraphPad Software, San Diego, CA, USA). Statistical significance was defined as p-values <0.05.
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Distinctive times of follow-up were taken into account using Poisson’s regression. A subset selection
algorithm allowed selection of the best parsimonious model, i.e. a model that only included regression
coefficients with significant Wald probabilities for independent variables (including age at diagnosis,
inheritance, NBT test results, number of infectious and noninfectious pulmonary events before and after
the age of 16 years). When no such model existed a hierarchical forward selection model was used.

Results
Characteristics of the patients
We collected medical data for 67 adult patients with CGD: 57 males and 10 females (table 1). Mode of
inheritance was X-linked for 47 (70%) patients, autosomal recessive for 15 (22%) patients and unknown
for five (8%) patients. No female carriers were included. NBT test results were available for 57 patients,
and were null for 43 (75%) patients, >10% for five (9%) patients and intermediate in nine (16%) patients.
One of the females presented an X-linked form of CGD due to an extreme and skewed X-inactivation
(NBT test result 37%).

Median age at diagnosis of CGD was 3.6 years (range 0–39 years). Four patients were diagnosed later than
16 years of age: two autosomal recessive and two X-linked (age at diagnosis 21, 22, 30 and 39 years; NBT
test result 4%, 37%, 0% and unknown, respectively). Median age at last follow-up was 25 years (range 17–
59 years). Median duration of follow-up in adulthood was 9 years (range 1–43 years).

Nine patients died (median age 24 years, range 17–46 years; X-linked form, eight out of nine patients).
The cause of death was cerebral fungal abscess in three cases (due to Aspergillus nidulans, Rasamsonia
argillacea and one unidentified fungal agent), respiratory infections in three cases (due to Streptococcus
constellatus, Klebsiella pneumoniae and Aspergillus fumigatus), Burkholderia cepacia septicaemia in one
case and chronic respiratory failure. The cause of death was unknown in one case.

Four patients underwent stem-cell transplantation in childhood for refractory respiratory infectious or
inflammatory manifestations. They were cured after transplantation and did not present any pulmonary
complication during adulthood. Their evolution is consistent with published data that mention good
outcome after haematopoietic stem-cell transplantation for CGD [24, 25]. We excluded them from
statistical analyses so as not to underevaluate pulmonary manifestations.

Incidence and risk factors of pulmonary manifestations in adulthood
Most patients (52 (82%) out of 63) presented at least one respiratory manifestation during the whole
assessed period. During adulthood specifically, two-thirds of the patients (42 (67%) out of 63) presented
one or more respiratory event.

Respiratory complications were more frequent in adulthood than in childhood (mean±SD annual rate
0.22±0.37 versus 0.07±0.08, p=0.01), especially fungal infections and noninfectious events but not bacterial
infections (table 2).

TABLE 1 Demographic characteristics, inheritance pattern and nitro blue tetrazolium (NBT)
test

Total X-linked AR UNK

Patients 67 47 (70) 15 (22) 5 (8)
Genetic pattern
CYBB (gp91phox) 47
NCF1 (p47phox) 10
CYBA (p22phox) 3
NCF2 (p67phox) 2

Males/females 57/10 46/1 7/8 4/1
Deaths 9 8 0 1
Age at diagnosis years 3.6 (0–39) 3.2 (0–39) 4.3 (0–30) 1.5 (0.75–12)
Age at last follow-up years 25 (17–59) 25 (17–46) 28.5 (18–59) 23 (19–39)
Duration of follow-up in adulthood years 9 (1–43) 9 (1–30) 12 (2–43) 7 (3–23)
NBT test 57 41 14 2
0% 43 (75) 29 13 1
1–9% 9 (16) 7 1 1
⩾10% 5 (9) 5 0 0

Data are presented as n (%), n or median (range), unless otherwise stated. AR: autosomal recessive; UNK:
unknown mode of transmission.
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Time to first episode in adulthood was not statistically different between the X-linked and autosomal
recessive groups (fig. 1). No statistical difference was highlighted in terms of global annual rates of
pulmonary events from one age group to another (fig. 2).

CGD inheritance did not influence the occurrence of respiratory infections but X-linked CGD patients
were at higher risk of developing a pulmonary noninfectious complication in adulthood (relative risk 5.55,
95% CI 1.43–20; p=0.01). NBT test results did not emerged as a risk factor for infectious or noninfectious
respiratory events. Having previously presented similar events in childhood favoured the recurrence of
fungal infections and noninfectious pulmonary events during adulthood (p=0.02 and p=0.008,
respectively). Finally, the occurrence of fungal infections and noninfectious respiratory events during
adulthood were statistically associated in a multivariate analysis (p=0.002).

Characteristics of respiratory infections
We recorded as many cases of fungal (n=30) as of bacterial pneumonia (n=30). Simultaneously, 70
extrarespiratory infections were recorded, especially cutaneous infections (n=25), digestive infections
(n=17) and adenitis (n=14).

Bacterial pneumonia
Fever or respiratory functional signs (dyspnoea, cough or purulent sputum) were present in 89% of
bacterial pneumonia (table 3).

The identified pathogen was available in 19 (63%) cases: mycobacteria in five (two cases of Mycobacterium
tuberculosis, one of Mycobacterium bovis, one of both Mycobacterium mucogenicum and M. bovis, and one
of Mycobacterium gordonae), B. cepacia in three, Nocardia farcinica in one, and Nocardia sp. in one,
K. pneumoniae in one, S. constellatus in one, both Streptococcus salivarius and Veillonella in one,
Staphylococcus aureus in one, Serratia marcescens in one, Mycoplasma pneumoniae in one, Salmonella
(non-typhi) in one, Haemophilus influenzae in one, and Branhamella catarrhalis in one.

TABLE 2 Annual rate of respiratory events before and after the age of 16 years, considering inheritance pattern

Before the age of 16 years After the age of 16 years

Total XL AR Total XL AR

Total respiratory infections 0.06±0.07* 0.06±0.07* 0.05±0.06 0.18±0.34* 0.19±0.36* 0.06±0.08
Respiratory fungal infections 0.03±0.06* 0.03±0.05* 0.02±0.03 0.11±0.31* 0.14±0.36* 0.02±0.03
Respiratory bacterial infections 0.03±0.04 0.03±0.04 0.03±0.04 0.07±0.14 0.05±0.11 0.04±0.07
Noninfectious respiratory events 0.01±0.02** 0.01±0.02** 0.00 0.05±0.14** 0.06±0.17** 0.01±0.02

Data are presented as mean±SD. Statistical analysis was performed in each group comparing annual rates before and after the age of 16 years.
XL: X-linked; AR: autosomal recessive. *: p<0.05; **: p<0.01.
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FIGURE 1 a) Survival without infectious respiratory complications from the age of 16 years (Kaplan–Meyer analysis)
according to chronic granulomatous disease (CGD) inheritance (X-linked (XL) versus autosomal recessive (AR), p=0.3).
b) Survival without noninfectious respiratory complications from the age of 16 years (Kaplan–Meyer analysis) according
to CGD inheritance (XL versus AR, p=0.07).
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At diagnosis, thoracic CT showed alveolar consolidations (10 out of 13 patients), pulmonary nodules (six
out of 13 patients), ground-glass opacities (five out of 13 patients), reticulations (two out of 13 patients),
bronchiectasis (two out of 13 patients) and pleural effusion (two out of 13 patients).

TABLE 3 Infectious respiratory events: clinical, radiological and biological characteristics and
treatments

Invasive fungal infection Bacterial pneumonia

Events n 30 30
Anti-infectious prophylaxis Itraconazole TMP-SMX
Prescriptions 24/29 26/27

Clinical signs at diagnosis n/N (%)
Fever 13/27 (48) 17/27 (63)
Respiratory function signs# 13/27 (48) 17/27 (63)
Fever or respiratory function signs# 17/27 (63) 24/27 (89)
Chest pain 5/27 (18.5) 6/27 (22)

Respiratory failure 2/27 3/27
Biology
PMNs ×109 cells·L−1 6.0±3.5 6.7±3
CRP mg·L−1 68±85 106±90
Platelets ×109 cells·L−1 297±117 302±125

Radiological features at diagnosis n 23 13
Nodule n 12 6
Alveolar consolidation n 20 10
Ground-glass opacities n 11 5
Reticulations n 10 2
Bronchiectasis n 4 2

Radiological scarring after treatment 9/9 3/7
Bronchoalveolar lavage n 19 7
Cells ×103 cells·mL−1 675±1187 419±372
Macrophages % 43 38
Neutrophils % 23 21
Lymphocytes % 36 38
Eosinophils % 7 6

Pulmonary biopsy 10/30 4/30
Treatment
Lines of treatment n mean 2.2 1.7
Associated treatments n 11 4
Interferon-γ n 7 1
Granulocyte transfusion n 5 1
Surgery n 0 2
Immunomodulator n 6 0

Data are presented as n/N or mean±SD, unless otherwise stated. TMP-SMX: trimethoprim-sulfamethoxazole;
PMN: polymorphonuclear neutrophil; CRP: C-reactive protein. #: dyspnoea, cough or purulent sputum.
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FIGURE 2 Annual rate of a) pulmonary infections, b) pulmonary noninfectious events and c) total pulmonary events as a function of age and inheritance
mode of chronic granulomatous disease. Age: 0–15 years, n=63; 16–19 years, n=63; 20–24 years, n=51; 25–29 years, n=37; >30 years, n=22. XL: X-linked; AR:
autosomal recessive.
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The therapeutic regimen consisted of drug combinations in a majority of cases, including mainly penicillin
(24 patients), cephalosporin (11 patients), fluoroquinolone (10 patients), carbapenem (eight patients) and
glycopeptide (eight patients). Antifungal treatments were added in eight cases for proven or suspected
mixed infection. One patient received interferon-γ and one patient had granulocyte transfusions. Surgical
pleurocentesis was required in two patients.

Thoracic CT performed after the end of treatment (n=7) and highlighted radiological sequelae in three
cases. Two patients died from respiratory failure during the course of infection.

Fungal infections
37% of the patients presented neither fever nor respiratory function signs (dyspnoea, cough or purulent
sputum) at diagnosis of the fungal infection. These signs were each present in 48% of the cases. One
patient presented haemoptysis (table 3).

The majority of patients (24 (83%) out of 29) were receiving prophylaxis (itraconazole) at the time of the
event. Serum itraconazole levels were below the recommended thresholds in five out of seven available
cases.

Invasive fungal infections were classified as certain in seven out of 30 cases, probable in 11 out of 30 cases
and possible in 12 out of 30 cases. Microbiological identification was obtained in 14 (46%) cases:
A. fumigatus in seven, A. nidulans in five, Aspergillus terreus in one and R. argillacea in one. At diagnosis,
Aspergillus serological tests were positive in 22 (84%) out of 26 cases while galactomannan antigenaemia
was negative in all the 15 cases tested.

23 thoracic CTs were performed at diagnosis. They showed alveolar consolidations (20 out of 23 scans)
(fig. 3), nodules (12 out of 23 scans), reticulations (10 out of 23 scans) and ground-glass opacities (11 out
of 23 scans). Chest-wall invasion was detected in six cases: rib lysis (three cases), subcutaneous abscesses
(two cases) and subclavian artery compression (one case).

Bronchoalveolar lavage fluid analysis was available in 19 cases, showing alveolitis (mean
675×103 cells·mL−1) with a mean of 43% macrophages, 36% lymphocytes, 23% neutrophils and 7%
eosinophils. A fungal agent was identified in 10 (52%) out of 19 of these samples. A pulmonary biopsy
was performed in 10 (33%) cases, disclosing fibrosis, epithelioid cells forming granuloma, and infiltration
of lymphocytes, plasmocytes and neutrophils. A fungal agent was identified in six out of 10 cases.

Therapeutic management required a prolonged duration of treatment (median 307 days, range 30–730 days).
Monotherapies were preferred (40 out of 68 lines of treatment), mainly intravenous amphotericin B
deoxycholate before the year 2000 (seven out of seven) and voriconazole thereafter (14 out of 23).
Drug-toxicity-related events led to a switch of drug in 10 cases: renal failure (three cases), cutaneous
toxicity due to voriconazole (three cases), hepatitis (two cases), cytopenia (one case) and drug interaction
(one case).

In addition to the antifungal therapies, seven patients received interferon-γ and five granulocyte
transfusions. Six patients received immune modulators, sometimes in association (corticosteroids (four
patients), thalidomide (two patients) and hydroxychloroquine (two patients)).

Nine thoracic CTs were performed after the end of treatment, all showing radiological scarring (local
fibrosis, septa thickenings and bronchiectasis) (fig. 4).

a) b)

FIGURE 3 Pulmonary fungal invasive infection in a 25-year-old man with chronic granulomatous disease.
Contrast-enhanced computed tomography showed a left apical mass was responsible for subclavian artery compression.
Pulmonary biopsy allowed Aspergillus nidulans identification. a) Left apical consolidation due to A. nidulans infection;
b) compression of left subclavian artery by the fungal infectious mass.
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Four patients died because of invasive fungal infection: three from cerebral abscesses and one from
respiratory failure.

Characteristics of noninfectious pulmonary events
20 noninfectious respiratory events occurred in 18 patients >16 years old. 13 (65%) patients presented
respiratory symptoms (dyspnoea or cough) at diagnosis (table 4).

In comparison, we recorded 60 extrathoracic noninfectious complications, principally digestive manifestations
(n=26), cutaneous manifestations (n=16) or urinary tract involvement (n=5).

These events could be divided into two major types, depending on their radiological pattern, as follows.
1) Circumscribed nodules or parenchymal consolidation: seven of these 11 events occurred in the
aftermath of a respiratory infection (six out of seven were aspergillosis). Pulmonary biopsy was frequently
performed (n=8), mainly showing granuloma (six out of eight) and neutrophilic or eosinophilic
microabscesses (five out of eight). 2) Interstitial lung disease: only one of these nine events occurred in the
aftermath of aspergillosis. The radiological pattern was variable: sarcoidosis-like in two cases (one case of
disseminated micronodules and one case of peribronchial thickening in the upper lobes), nonspecific

a) b)

FIGURE 4 A 23-year-old man with chronic granulomatous disease presented cystic bronchiectasis (computed
tomography images) due to repeated fungal infections in childhood. One of the cavities was infected by Aspergillus
fumigatus. a) Cystic bronchiectasis in apical areas; b) infection by A. fumigatus of a residual cavity in the left upper lobe.

TABLE 4 Noninfectious respiratory events: clinical, radiological, biological characteristics and
treatments

Total Radiological pattern

Interstitial lung
disease

Nodules/
parenchymal
consolidation

Events 20 9 11
Respiratory function signs 13 (65) 6 7
Concomitant infection 8 (40) 1 7
CT scan at diagnosis
Consolidation 10 3 7
Nodule 6 1 5
Reticulations 11 8 3
Ground-glass opacities 7 6 1
Bronchiectasis 7 6 1

Biopsy 2 8
Granuloma 0 6
Eosinophil or neutrophil microabscesses 0 5
Diffuse granulocyte infiltration without granuloma 2 2

Anti-inflammatory therapies 14
Corticosteroids 10 6 4
Thalidomide 4 2 2
Hydroxychloroquine 4 1 3
Methotrexate 2 2 0

Data are presented as n or n (%). CT: computed tomography.
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interstitial pneumonia in five cases (ground-glass opacities, reticulations and septa thickening), associated
or not with scarring images (bronchiectasis, local retractile fibrosis and emphysema). Two of these patients
were diagnosed with disproportionate pulmonary hypertension. Pulmonary biopsy was performed in two
cases showing diffuse granulocyte infiltration, fibrosis and a discrete pattern of bronchiolitis but no
granuloma. The presence of pigmented macrophages and a suggestive pattern of veno-occlusive disease
were noted in one case [26].

Taking into account only events that were not associated with infection, bronchoalveolar lavage fluid
analysis results were similar to those obtained during infectious manifestations (mean of
702×103 cells·mL−1, 51% macrophages, 28% lymphocytes, 20% neutrophils and 1% eosinophils).

Pulmonary function tests were available for 12 patients, demonstrating a restrictive pattern in seven cases,
obstructive in two cases and normal values in three cases.

The management of these noninfectious respiratory events required immune modulator therapy in 14
(70%) cases. The most frequently used drugs were: corticosteroids (10 cases), thalidomide (four cases) and
hydroxychloroquine (four cases). Methotrexate was also prescribed in two cases and one patient benefited
successively from intravenous immunoglobulins, mycophenolate mofetil, cyclophosphamide and
rituximab. Overall, these treatments appeared effective on persistent consolidation associated with an
infection but did not change the course of interstitial pneumonia. Persistent pulmonary involvement was
noted on all the nine available thoracic CTs performed after the end of treatment.

Discussion
The aim of our study was to describe the pulmonary manifestations presented by adult CGD patients. To
our knowledge, this is the largest series specifically focused on pulmonary complications in adults [27],
based on the CEREDIH registry, the largest national registry for primary immune deficiencies worldwide.
Our results are comparable to those of the main series of CGD patients regarding demographic data,
transmission pattern, or rate of infections [4, 5].

First, we confirm that the lung is the main affected organ in CGD: 82% of patients presented at least one
respiratory complication once in their life and 67% specifically during adulthood (versus 51% and 46% for
digestive and cutaneous manifestations, respectively). An important point to outline is that there is no
decrease in the frequency of respiratory events with age, meaning that physicians must remain particularly
vigilant when monitoring these patients throughout their lives.

The majority of deaths (eight out of nine) occurred in the X-linked CGD patients, confirming the poor
prognosis associated with this inherited trait [4]. The simple and rapid NBT test, performed in most of
our patients, is not specific to superoxide anion production by NADPH oxidase. The use of a
ferricytochrome c reduction assay could have been more helpful in highlighting differences between
groups, as in the study by KUHNS et al. [28], where residual ROS production emerged as a predictor of
survival in CGD patients.

Pulmonary fungal infections in CGD patients exhibit unusual features. Firstly, many of them were
asymptomatic. This finding is consistent with a previous report from our group where only 55% of the 28
patients with fungal pneumonia had respiratory function signs and 38% had fever [29]. In the study by
SEGAL et al. [30], one third of the patients with aspergillosis were asymptomatic. Secondly, we observed a
high frequency of locoregional extension involving the chest wall (six cases), as previously reported [29,
30]. Finally, the fungal species involved are also infrequent. A. nidulans was involved in 16% of all invasive
fungal infections in our series. This rate is lower than reported in the monocentric experience of
BLUMENTAL et al. [29] (34.4% of proven fungal infections), but consistent with the overall analysis of the
French cohort (13.8% of all fungal infections) [8]. A. nidulans is clearly over-represented in CGD
compared with other immunodeficient states, suggesting differences in host–pathogen interactions and the
role of NADPH oxidase pathway within Aspergillus species [31, 32].

A majority of infections occurred even though an anti-infectious prophylaxis was prescribed. The residual
concentration of itraconazole was under recommended thresholds in most of the patients. This highlights
the importance of regular monitoring of serum concentration of azole.

Little is known about the prevalence of noninfectious pulmonary manifestations in CGD patients. A
retrospective study by our group [11], recording inflammatory manifestations in a single-centre cohort of
98 CGD patients (median age 13.5 years old), noted the occurrence of respiratory events in 26.4% of the
patients (8.6% of all inflammatory events recorded). LIESE et al. [20] reported, among a cohort of 39
patients (median age 12.9 years old), the presence of pulmonary fibrosis in 10% and pulmonary
granuloma in 13% of the patients. In our series, noninfectious pulmonary events concerned 28% of the
patients. They were more frequent in the X-linked inheritance group, even if the small size of the sample
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may overestimate their relative risk. 40% of these inflammatory events were concomitant with an infection,
mainly aspergillosis. Pulmonary biopsy was then frequently required in order to differentiate them from
uncontrolled infection, particularly in case of circumscribed nodules or parenchymal consolidation (nine
out of 30).

In CGD, infection and chronic inflammation are clearly linked. Experimentally, fungal infections can
activate uncontrolled pulmonary inflammation [33]. Recent studies have emphasised the role of ROS, such
as anti-inflammatory mediators controlling the expression of various genes [34] and involved in the Treg/
Th17 lymphocyte balance [35].

Some infectious events may be confused with aseptic inflammatory flares. This diagnosis presents major
therapeutic implications, such as immunomodulator prescription (mainly corticosteroids, thalidomide and
hydroxychloroquine). Evaluation of the efficacy of these treatments is difficult to assess because of frequent
co-prescription or association with antifungal therapies. We have previously reported our experience of
thalidomide in inflammatory manifestations of CGD [36]. It was particularly effective on nodular and
pseudo-mass lung lesions but ineffective for treating interstitial lung disease. As the infectious risk of
steroids is a matter of concern in CGD patients, we think that thalidomide should be preferred as first-line
treatment for noninfectious, evolutive pulmonary consolidation, but its use should be as short as possible
in order to limit side-effects. Management of interstitial lung disease remains an unresolved issue. Efforts
should be made to better characterise them. Perhaps fluorodeoxyglucose positron emission tomography
could be helpful, as for pulmonary sarcoidosis, to distinguish active lesions from retractile interstitial
sequelae [37].

Pulmonary complications are of poor prognosis (seven out of nine deaths related to respiratory
complications) and frequently responsible for sequelae. GODOY et al. [38] found retractile scarring images in
all the CTs of five adult CGD patients. The burden of respiratory complications in adulthood raises the
question of specific respiratory monitoring of CGD patients. We propose a specific consultation once yearly,
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with chest radiography and pulmonary functional tests. These are useful noninvasive means to monitor
these patients and should be performed more frequently. A low-dose CT could be systematically performed
every 2 years. In the case of any new respiratory event, management should be early and include invasive
diagnostic techniques, even pulmonary biopsy. Anti-infectious drugs, particularly antifungals, are indicated
as first-line treatment but immune modulator prescription should be considered early if the evolution
remains unsatisfactory (fig. 5). Allogeneic bone-marrow transplantation may also be a therapeutic option in
discussion with an immunologist in cases of severe and repeated respiratory complications. Restricted in the
past to particularly severe cases in childhood, its indication is under discussion. Improvement in outcomes
suggests that its indication should be extended and performed as early as possible in order to prevent the
lifelong risk of complications [39, 40].
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