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Abstract

Purpose The purpose of this study is to evaluate the possibil-
ity of early detection of pulmonary fungal infections by lung
CT scan in chronic granulomatous disease (CGD).

Methods A retrospective study on 14 patients affected with
CGD for a total of 18 infectious episodes was performed.
Revision of clinical data and CT scan analysis before and after
treatment was performed.

Results The presence of lung nodules <30 mm was evaluated
in 18 infectious episodes in 14 patients. A total of 125 nodules
in 18 CT scans were identified. Identification of the infectious
agent through biopsy and in vitro culture resulted positive
only in 3/18 cases. The remaining cases received clinical/
radiologic diagnosis of suspected pulmonary fungal infection.
In all cases, the introduction of empirical antifungal treatment
resulted in reduction in size or complete resolution of the
pulmonary lung nodules in all patients affected with CGD.
Conclusions Lung CT scan allows for early detection of pul-
monary fungal infection in CGD. Pulmonary nodules
(<30 mm), single or multiple, uni- or bilateral, with or without
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a halo sign may represent the first radiologic sign of pulmo-
nary fungal infection in CGD.
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Abbreviations
CGD chronic granulomatous disease
CT computed tomography

NADPH  nicotinamide adenine dinucleotide phosphate
NBT nitrotetrazolium blue chloride

DHRI123 dihydrorhodamine 123

CRP C-reactive protein

IPA invasive pulmonary aspergillosis
Introduction

Chronic granulomatous disease (CGD) is a rare inborn phago-
cyte disorder characterized by defects in the reduced nicotin-
amide adenine dinucleotide phosphate (NADPH) oxidase
complex [1, 2]. Both X-linked and autosomal forms of trans-
mission have been described, with the former being the most
frequent (around two thirds of cases) [1]. Affected patients
present an increased susceptibility to bacterial and fungal in-
fections, granulomata formation, and autoimmune manifesta-
tions [3-5]. Bacteria, such as Staphylococcus aureus and
epidermidis, Burkholderia cepacia, Escherichia coli,
Salmonella, Klebsiella, Serratia marcescens, Pseudomonas
species, and fungi, mainly Aspergillus species and Candida,
are the most frequently isolated pathogens. Infections may
affect the lungs, skin, bone, and lymph nodes [6].
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The introduction of antibacterial (cotrimoxazole) and anti-
fungal (mainly itraconazole) chemoprophylaxis, together with
earlier diagnosis, has allowed for a better long-term survival
[7, 8]. However, the clinical history of affected patients re-
mains still complicated by recurrent bacterial and fungal in-
fections, frequently invasive ones. In the last years, bone mar-
row transplantation and gene therapy are becoming promising
therapeutic strategies for patients with CGD [1, 3, 9].

Fungal infections, mainly caused by Aspergillus spp., ac-
count for an important part of the infectious complications in
CGD [8, 10]. The infection is generally localized in the lung,
following inhalation of spores, and may manifest as pulmo-
nary aspergilloma or invasive pulmonary aspergillosis [1, 4, 8,
10—12]. Unfortunately, current diagnostic approaches, includ-
ing laboratory testing and bioptic examination, do not always
allow for definite diagnosis, especially in the early stages of
infection. Consequently, these types of infections may result
in long periods of hospitalization with important complica-
tions for affected patients such as pulmonary dissection and
disseminated infection. Early diagnostic and/or predictive pa-
rameters for pulmonary fungal infections in CGD have not
been identified yet. We decided to investigate the clinical sig-
nificance in terms of fungal infection of the presence of small
nodules (<30 mm) in lung CT scans, in the diagnosis and
follow-up of suspected pulmonary fungal infection in patients
affected with CGD, especially since available data in the lit-
erature regarding this issue are scarce. Our data show that the
presence of small nodules (<30 mm) in lung CT scans in CGD
are strongly suggestive of fungal infections allowing for an
early and appropriate treatment, despite uninformative labora-
tory data.

Materials and Methods
Patients

Fourteen patients (female/male ratio 2:12) affected with CGD
followed at a single center between 1990 and 2014 were in-
cluded in this study. Diagnosis of CGD was based on defec-
tive NBT test or pathologic DHR123 testing. Mean age at
diagnosis was 21.28 months (range, 1-84 months). Four out
of'the fourteen patients presented with the autosomal recessive
form of CGD, while the remaining ten suffered from the X-
linked one. All patients were under antifungal prophylaxis
with itraconazole (except for three patients diagnosed upon
the first lung CT scan) and antibiotic prophylaxis with
cotrimoxazole (except for three patients diagnosed upon the
first lung CT scan and two patients that presented adverse
reaction to cotrimoxazole and were switched to cefpodoxime).
The patients’ inclusion criteria were the presence of nodules
(abnormalities) at lung CT scan suggestive of fungal infec-
tions despite the lack of microbiologic confirmation. Lung

CT scan was performed because of persistence of fever,
cough, and thoracic pain, irresponsive to wide spectrum anti-
biotic therapy. Clinical and laboratory findings at presentation
included fever in 6 out of 18 cases (33.33 %), cough in 1 out of
18 cases (5.55 %), thoracic pain in 2 out of 18 cases (11.11 %),
leukocytosis (white blood cell count >11 ,000/mm?) in 7 out of
18 cases (38.88 %), neutrophilia (absolute neutrophil count
>7700/mm3) in 6 out of 18 cases (33.33 %), and elevated C-
reactive protein (CRP) in 17 out of 18 cases (94.44 %). Eight
patients, during follow-up, presented one lung fungal infec-
tion, while the remaining six patients presented at least two or
more fungal lung infections with different radiologic presen-
tation for each infectious episode. Laboratory confirmation of
fungal infection in the presence of lung nodules on the CT
scan was achieved only in 5 cases (Aspergillus spp. in 3 cases,
Scedosporium spp. in 2 cases); in the remaining 13 cases
presenting with nodules, an etiologic agent was not identified.
Treatment with voriconazole was undertaken in 8 cases (8/18;
44.44 %), with amphotericin B in 8 cases (8/18; 44.44 %), and
posaconazole in the remaining 2 cases (2/18; 11.11 %). All
patients received contemporaneous broad spectrum antibiotic
treatment. The total time of antifungal treatment for the lung
infection was variable depending on the type of lesion and the
clinical response (median 2.2 months; range 1 to 5 months).
The interval between CT scans (median 2.2 months; range 1 to
5 months) was decided on clinical basis (response to treat-
ment) and on the associated lung lesions such as masses,
lymphadenopathy, parenchymal consolidation, excavation,
and pleural effusion.

CT Scan

Chest CT examinations were performed with a Somatom Plus
4 scanner (Siemens Medical Systems, Erlangen, Germany)
before 2003 and with a 6-slice MDCT scanner (Emotion 6,
Siemens Medical Systems, Erlangen, Germany) or 16-slice
MDCT scanner (Somatom Sensation 16, Siemens Medical
Systems, Erlangen, Germany) after 2003, as previously de-
scribed [13]. In some cases, and based on the suspicion of
infiltrating pulmonary mass, CT scan was performed with
contrast media administration using an antecubital vein at
the dosage of 2 ml/kg of iodinated CM. The second CT scan
(after treatment) was performed without CM administration
for all patients.

CT scans were evaluated for all 14 affected patients (18
infectious episodes) in order to characterize and monitor lung
nodules before and after treatment and correlate these findings
with the clinical outcome.

In our study, nodules were defined as a rounded or irregular
opacity, well or poorly defined, with or without a halo sign,
and measuring up to 3 cm in diameter, according to the liter-
ature data [14]. Nodules were evaluated based on their num-
ber: single, sporadic, or multiple (defined arbitrally as 1 or <5
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or >5 nodules, respectively); their distribution (unilateral, bi-
lateral); their structure (solid or with excavation); and their
dimensions (>5 mm, >5-30 mm, or both).

Results
Lung Nodules in CGD

Lung CTscan evaluation revealed the presence of 125 nodules
in 18 scans.

Nodules were sporadic in 11/18 cases, while they were
multiple in 5/18 cases and single in 2/18 cases. They showed
a bilateral presentation in 11/18 cases, while they were unilat-
eral in 7/18 cases. The margins of these nodules were regular
in 9/18 cases and irregular in 4/18 cases, while a mixed pattern
was observed in 5/18 cases. The dimensions of the lung nod-
ules in CGD was less than 5 mm in 2/18 cases, between 5 and
30 mm in 4/18 cases while nodules with mixed dimensions
were observed in 12/18 cases (Table 1). A halo sign was pres-
ent in 8/18 cases (two of which had an etiological confirma-
tion of fungal infection) and absent in the remaining ones (10/
18). An air crescent sign was found only in one case (1/18)
and was associated with the bigger nodular lesion (14 mm).

The heterogeneous features of the nodules observed in the
lung CT scans of the index patients prompted us to divide
them in single, sporadic, or multiple and better evaluate their
characteristics before and after antifungal treatment, in order
to confirm their fungal origin.

Single Nodules

Single nodules were found in 2 cases before treatment (2/18
cases; 2/125 nodules). The margins of these nodules were
regular in both cases (2/2). The dimensions of the lung nod-
ules were 15 and 18 mm. The latter was accompanied by the
presence of a halo sign. An air crescent sign was not present.
Upon treatment, CT scan revealed the resolution of the 15-mm
nodule and the reduction of diameter for the second one (from
18 to 14 mm), while a halo sign was not detectable (Fig. 1).

Sporadic Nodules

Sporadic nodules were present in 11/18 cases (37/125 nod-
ules). The margins of these nodules were regular in 6/11 cases
and irregular in 5/11 cases. The dimensions of the lung nod-
ules ranged from 2 to 30 mm. A halo sign was present in 4/11
cases. An air crescent sign was not present. Upon treatment,
CT scan revealed complete resolution in 5/11 cases and reduc-
tion of diameter in 4/11 cases (Fig. 2), and no halo sign was
evident. In one patient with 2 nodules (6 and 7 mm), no
changes in diameter were detected. Finally, in one patient,
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Table 1  Radiologic features of lung nodules in 14 CGD patients at
presentation of suspected/probable fungal infection (total number of CT
scans 7= 18)

Numbers (percentages)

Presentation
Single 2/18 (11.11)
Sporadic 10/18 (55.55)
Multiple 6/18 (33.33)
Distribution
Unilateral 11/18 (61.11)
Bilateral 7/18 (38.89)
Margins
Regular 9/18 (50.00)
Irregular 5/18 (27.77)
Both 4/18 (22.22)
Dimensions
<3 mm 0/18 (00.00)
>3 and <30 mm 4/18 (22.22)
Both 14/18 (77.77)

the nodules were increased in volume; however, the patient
was not adherent to the prophylaxis regimen.

Fig. 1 Single nodule in lung CT scan in CGD. a CT scan with lung
algorithm on the axial plane: before treatment, a single, well-defined
nodule in the posterior segment of the inferior left lobe (arrow) can be
seen. b Upon medical treatment, the nodule is no longer visible. Some
peripheral, bilateral scars can be detected
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Fig. 2 Sporadic nodules in lung CT scan in CGD. a CT scan with lung
algorithm on the axial plane: small round, well-delimited nodules can be
detected (arrows) in both lungs. In the right lower lobe, an area of
parenchymal consolidation co-exists with air bronchogram (black
asterisk). b Upon medical treatment, the nodules are no longer detectable

Multiple Nodules

Multiple nodules were present in 5/18 cases (86/125 nodules).
The margins of these nodules were regular in 1/5 cases and
with a mixed pattern in 4/5 cases. The dimensions of the lung
nodules ranged from 2 to 27 mm. Halo sign was present in 4/5
cases. An air crescent sign was present in 3/5 cases. Upon
treatment, CT scan revealed complete resolution in 2/5 cases
and reduction of diameter in 3/5 cases, while no halo sign was
anymore evident. Multiple nodules were associated with
masses in 4 out of 5 cases similarly to invasive pulmonary
aspergillosis (IPA) [15] (Fig. 3).

Summarized data regarding all nodules’ characteristics
(number and size) before and after treatment are shown
(Fig. 4). All nodules, with or without a microbiologically de-
fined etiology, showed a similar reduction/resolution pattern
upon treatment.

Discussion

Chronic granulomatous disease (CGD) is a rare inborn disor-
der characterized by defective granulocyte phagocytosis due
to impaired NADPH activity [1, 2]. The functional deficiency
of granulocytes results in complex infectious phenotypes
sustained by atypical pathogens, such as Candida spp.,

Fig. 3 Multiple nodules (IPA) in lung CT scan in CGD. a CT scan with
lung algorithm on the axial plane: in both lungs, multiple parenchymal
opacities (arrows) with a mixed pattern can be seen. b Upon medical
treatment, the nodules are no longer detectable

Aspergillus spp. and other fungi, as well as bacterial infections
sustained by Staphylococcus spp., E. coli, Salmonella,
Klebsiella, Serratia, and others. These infections may involve
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Fig. 4 Summarized data of numbers and dimensions for nodular lesions
on lung CT scans before and after antifungal treatment in CGD. a Number
(gray box) and dimensions (dots) of nodular lesions before (/eff bar) and
after treatment (right bar); the horizontal line depicts the median number
of the nodular lesions. Statistical analysis was performed using the paired
¢ test both for numbers and dimensions of nodules (***p < 0.0001)
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any organ including the skin, lungs, intestine, urinary tract,
liver, bone, and CNS (central nervous system) [3—6].

Lung involvement in CGD during fungal infections is a
frequent complication for affected patients [10-12].
Radiological findings at lung CT scans may include parenchy-
mal consolidations with or without an air crescent sign,
masses with or without thoracic wall involvement, mediastinal
lymphadenopathy, pleural effusion, and tree-in-bud pattern [6,
11, 12, 14, 16-23]. In many cases, nodular lesions may be
identified at CT scans in the presence or absence of the above
mentioned lesions [16, 18, 20-23]. Nonetheless, these nodular
lesions, especially when of small size or in limited number, are
difficult to interpret and relevant literature data on their poten-
tial fungal origin in CGD patients are scarce. In addition, early
phase lung fungal infections in CGD are not easy to diagnose
on a laboratory basis given the very low yield of fungi isola-
tion from lung biopsies. In this study, we decided to study
small nodules (<30 mm) in lung CT scans from CGD patients
with suspected fungal infection and evaluate their response to
systemic antifungal treatment, in order to confirm their fungal
origin.

A total of 125 small nodules were identified at the initial
CT scans during 18 infectious episodes in 14 CGD patients.
While in 5 cases, small nodules were multiple, in the remain-
ing 13 cases, nodules were either single (2) or sporadic (11)
small nodules. Interestingly, single or sporadic nodules were
of smaller dimensions when compared to the multiple nodular
presentation, probably due to different stages of the fungal
infection. Margins were either regular or irregular, with the
latter pattern is more frequently observed in multiple nodules
cases. The CT scan upon endovenous antifungal treatment
showed a remarkable modification of the small nodular le-
sions, with either complete resolution or reduction in size
(all) and/or number (in the case of sporadic o multiple nod-
ules) in all patients confirming their fungal origin. Multiple
small nodules in the CGD cases were associated with masses
in 4/5 cases, resembling invasive pulmonary aspergillosis
(IPA) [15]. Nonetheless, even these nodules behaved similarly
to single or sporadic small nodules upon endovenous antifun-
gal treatment. Of note, this resolution/reduction pattern upon
endovenous antifungal treatment was observed also in the
smaller nodular lesions, even below 10 mm, irrespective of
the type of presentation (single, sporadic, or nodular with the
exception of one). These findings are novel and of importance
since small lung nodules have not been studied extensively yet
in CGD and since our data strongly suggest that they may be
considered as early radiological signs for lung fungal infection
in CGD.

In conclusion, we describe the first extensive study of small
nodular lesions in CGD patients with suspected pulmonary
fungal infections. We present strong evidence arguing that
small nodular lesions in CGD, single or numerous, with reg-
ular or irregular margins, with or without a halo sign, are
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suggestive of pulmonary fungal infection. CT scans may al-
low therefore for early and timely diagnosis in fungal lung
disease in CGD and affected patients may benefit from appro-
priate medical treatment.
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