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Abstract. Paediatric invasive fungal infections have
significantly increased over the past few decades, in
particular among the immunocompromised population.
Candida and Aspergillus spp. are still the most commonly
isolated organisms. Image-based assessment of fungal
infections can indeed be challenging especially in
oncological patients where the differential diagnosis relative
to other infections and neoplastic lesions cannot be often
obvious. Therefore, the knowledge of the main radiological
features associated with fungal infections is crucial to
achieve an early correct diagnosis and address the most
appropriate therapeutic approach. Thus, our aim was to
review the main radiological features of paediatric fungal
infections with particular focus on positron emission
tomography/magnetic resonance imaging (PET/MRI),
referring to the experience of our tertiary level hospital.

Invasive fungal disease (IFD) can be a life-threatening
condition, in particular in paediatric patients who undergo
chemotherapeutic or immunosuppressive treatments, in
children with congenital or acquired immunodeficiencies, in
premature neonates and in patients with fixed prostheses or
catheters. IFD incidence has increased over the past few
decades among the paediatric population, due to the
improvement of oncological therapies which have
significantly increased the survival but lead to an inevitable
weakening of immune response. The most frequent
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pathogens involved are Candida albicans/non-albicans spp,
Aspergillus spp and Cryptococcus neoformans, Histoplasma
capsulatum, Zygomycetes, Fusarium, and other pathogens (1,
2). Fungal infections have a significant impact on patients’
outcome, with a mortality rate of about 15.8% for children
affected by candidemia and about 18% for children with
invasive aspergillosis (3). Therefore, an early diagnosis is
essential to assure a prompt treatment. Since clinical
manifestations are often non-specific, the radiological
examination plays a key role for the detection of IFD and for
the assessment of the disease extent. In addition to
conventional imaging [ultrasound (US), plain X ray films,
computed tomography (CT) and magnetic resonance imaging
(MRI)], in the last years an increasing interest has been
developed in hybrid whole-body imaging techniques [i.e.
positron emission tomography/CT (PET/CT), PET/MRI], in
particular in PET/MRI which combines the benefits of high
soft tissue contrast resolution of MR with the metabolic
information of PET, providing also the intrinsic advantage of
a low dose radiation exposure. Therefore, integrated,
simultaneously acquired PET/MRI can be an innovative and
highly promising diagnostic tool for the evaluation of
systemic fungal infections in paediatric patients.
Nevertheless, the differential diagnosis with other infections
and with malignant lesions can be challenging and
histopathological confirmation is still strongly required when
feasible to provide a definite diagnosis.

PET/CT and the Potential Role of PET/MRI

Whole-body hybrid imaging techniques such as 18F-labeled
fluoro-2-deoxyglucose (18F-FDG)-PET/CT and PET/MRI can
allow an early diagnosis of fungal infection foci mainly
because of the high glucose consumption of these lesions, also
providing a morphological definition of the disease extent.
Moreover, the combination of the metabolic and the
morphological information can be crucial in guiding the
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Figure 1. Chest X-ray showing bilateral lung parenchymal
consolidations and left pleural effusion in a 12-year-old girl, with
pulmonary aspergillosis.

surgeons to choose the best target for a biopsy and to assess
the response to antifungal treatment, especially if no
morphological modifications are seen on conventional imaging.
Nevertheless, the characterization of hypermetabolic areas can
be difficult when using PET/CT because of the low contrast
resolution especially in case of soft tissues involvement and
besides PET/CT exposes children to a higher dose of radiation
compared to CT alone MRI. Therefore, in the last few years,
an increasing interest has been developed towards hybrid
PET/MRI because of its potential to overcome these limits (4).

Lung

The lungs are the most commonly affected site in IFD and
fungal pulmonary involvement is associated with high
mortality. Aspergillus is the most common pathogen found
in fungal pulmonary infections, in particular in
haematological malignancies. The clinical manifestations
include fever, cough, dyspnea and haemoptysis (5). Chest Xray examination is the first-choice imaging modality but it
often shows non-specific signs, such as ill-defined
parenchymal opacities usually in both lungs and pleural
effusion (Figure 1); sometimes well-defined and cavitated
nodules can be evident (Figure 2).
The radiological standard of reference in pulmonary
fungal involvement is the chest CT scan; common findings
in invasive asperigillosis are the presence of multiple
bilateral nodules usually surrounded by ground glass opacity
(halo sign) (Figure 3) and wedge-shaped areas of
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Figure 2. Chest X-ray demonstrating two cavitated lesions (arrows) in
the right lung in a 16-year-old boy with pulmonary aspergillosis.

consolidation corresponding to haemorrhagic infarcts. The
air-crescent sign, due to the central necrotic area inside a
consolidation, can also be seen in some cases of aspergillosis
during recovery (Figure 4). In candidiasis CT scan, bilateral
pulmonary consolidations with possible cavitation and
nodules can be found as well (Figure 5) (2).
The reverse halo sign instead, defined as the presence of
ground glass attenuation surrounded by consolidation, can be
more frequently seen in haematological patients with Mucor
mycosis (2).
Lung visualization with MRI is definitely still a challenge,
even though in recent years the introduction of lungdedicated gradient echo (GE) sequences with short echo time
(TE) (such as VIBE, UTE) in PET/MRI protocols has
improved the chances for the detection of pulmonary fungal
involvement. Parenchymal consolidations and nodules can
be seen as relatively high intensity signal lesions depending
on their composition (proper solid lesions appear more
hyperintense than ground glass lesions in low TE gradient
echo sequences because of their higher density); excavations
are usually seen as hypointense areas within (Figures 6 and
7). Furthermore, the combination with PET, adding the
metabolic information, improves the detection of pulmonary
fungal involvement in case of avid lesions and allows the
assessment of treatment response. Indeed, the evidence of a
decrease in the hypermetabolic activity of fungal foci after
antifungal therapy helps to confirm the diagnosis especially
when no morphological changes within the lesion are seen
and demonstrates the efficacy of the treatment protocol (6).
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Figure 3. Chest CT scan illustrating bilateral parenchymal
consolidations surrounded by ground glass opacities and pleural
effusion (same patient shown in Figure 1).

Figure 4. A lesion in the right lung showing a crescent-shaped air
content (“air crescent sign”) on the chest CT scan in a 11-year-old boy
with aspergillosis.

Nasal Cavities and Sinuses

Nasal and paranasal fungal infections are quite common in
immunocompromised paediatric patients with a mortality
rate of approximately 50%. The clinical signs and symptoms
include fever, headache, facial pain and oedema, nasal
congestion and epistasis.
Middle turbinate, ethmoid cells, maxillary and sphenoid
sinuses are more frequently involved. The assessment of the
disease extent is crucial in these sites especially because of the
risk of CNS involvement. CT scan usually shows thickening
of the nasal or paranasal mucosa, with infiltration of the periantral fat planes. In late disease, bone erosion with orbital
invasion and intracranial extension can be seen. On MRI, in
addition to the mucosal thickening and fat planes infiltration,
focal loss of contrast enhancement can be appreciated after
gadolinium injection in the infected sino-nasal mucosa (Figure
8). The functional information given by PET can improve the
diagnostic accuracy of MRI and also provides a valuable tool
for treatment response evaluation detecting a potential FDG
uptake reduction or disappearance (7-9).

Central Nervous System

Fungal infections affecting the central nervous system have a
very poor prognosis with high mortality, especially in
immunocompromised patients (almost 100%). The brain is the
third most common site of fungal infection in patients with
haematological malignancies after lungs and paranasal sinuses.
Clinical symptoms are non-specific (confusion, hemiparesis,
dysarthria, lethargy, seizures, possible fever) but their presence
in immunocompromised children should suggest the diagnosis.
Two main patterns can be present: focal lesions or diffuse
meningoencephalitis. Fungal brain focal lesions are more
common in Candida and Aspergillus infections; they are

Figure 5. Chest CT scan showing multiple bilateral lung nodules in a
9-year-old boy with disseminated Candida.

frequently multiple and usually involve the basal ganglia. CT
findings are non-specific for fungal infection, such as focal
hypodensities with a peripheral rim of contrast enhancement
and often surrounded by oedema. On MRI, fungal abscesses
show a central core, hypointense on T1-weighted and
hyperintense on T2-weighted sequences, while the peripheral
rim is iso-hyperintense on T1-weighted and hypointense on T2weighted images. Peripheral enhancement after gadolinium
injection and signal restriction on diffusion-weighted images
(DWI) usually help to characterize the lesions (Figure 9).
Fungal meningoencephalitis is most frequently caused by
Cryptococcus, followed by Aspergillus and Candida. In
encephalitis, CT scan of the brain may show ill-defined
hypodense lesions with areas of increased attenuation, due to
haemorrhage or increased metal ions. On MRI examinations,
the infected areas are iso-hypointense on T1-weighted,
hyperintense on T2-weighted/FLAIR images and with signal
1729
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Figure 6. A lung cavitated nodule (arrow) on CT scan (A) and on fused PET/MRI (B), showing a slight peripheral hypermetabolism, in a 13-yearold girl with pulmonary aspergillosis.

restriction on DWI. Micro-haemorrhages and focal deposits of
metals are usually found within the lesions as decreased signal
intensity on T2-weighted sequences. In fungal meningitis,
radiological examinations show meningeal thickening and
enhancement, both on CT and MRI, but the demonstration of
fungi in CSF is necessary for the diagnosis. On PET, the
visualization of lesions showing FDG uptake may be difficult
due to the high intrinsic hypermetabolism of the cerebral cortex.
Nevertheless, in case of fungal abscesses, especially when
localized in the white matter, the combination of PET and MRI
might help their detection, and again giving information about
their response to treatment (Figures 10 and 11) (10, 11).

Liver and Spleen

Liver and spleen can be involved in paediatric IFD, in
particular in children with haematological malignancies.
Candida species are the most frequent pathogens affecting
these organs with a mortality rate up to 30% (12). US can
show four different patterns of fungal infection: an
hypoechoic necrotic lesion surrounded by a hyperechoic rim
of inflammatory cells and an external fibrotic hypoechoic
ring, an inner hyperechoic nidus surrounded by a hypoechoic
fibrotic ring; hypoechoic lesion that is expression of fibrotic
changes after inflammation; hyperechoic scar or calcification
(13). CT scan usually shows rounded hypodense lesions,
sometimes with a hyperdense core. These nodules can
demonstrate contrast enhancement of the whole lesion or an
enhanced peripheral rim (14). On MRI, these lesions appear
slightly hypointense on T1w images and strongly
1730

Figure 7. A hypermetabolic consolidation in the left lung (arrow) on
fused PET/MR-VIBE image in a 12-year-old girl affected by Aspergillus.
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Figure 8. A 11-year-old boy affected by Mucor mycosis: a large mycotic lesion can be seen in the right maxillary sinus (A), causing diffuse bone
erosion of the sinus medial wall (B) and intrathecal spread of the fungal infection (arrow in C) surrounded by oedema. Orbital cellulitis can be
also appreciated (D), involving the right medial rectus muscle.
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Figure 9. Fungal brain abscess (arrows) in a 16-year-old boy characterized by central restricted diffusion on ADC map (A) and peripheral rim of
enhancement after Gadolinium (B).

Figure 10. Candida cerebral abscess (arrows) characterized by surrounding oedema on T2-weighted image (A) and significant hypermetabolism
on fused PET/MRI (B) in a 17-year-old boy.

hyperintense on T2w sequences with an intense and early
peripheral enhancement after gadolinium injection. Some
studies have demonstrated that 18F-FDG-PET may be a
feasible and sensitive tool for the detection of liver and
1732

splenic fungal lesions and the assessment of residual disease
if compared with conventional imaging. Therefore, the
integrated PET/MRI, especially in paediatric patients, can
play an important role (15).
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Figure 11. Fused PET/MR image of the same patient shown in Figure 10, at diagnosis (A) and after four weeks of anti-fungal treatment (B): the
lesion demonstrates a slight reduction in size whereas its hypermetabolism is not appreciable anymore. A significant reduction of the surrounding
oedema is also present.

Figure 12. A hypermetabolic fungal abscess (arrow) in the right piriformis muscle on fused PET/MR image in a 16-year-old girl affected by
Aspergillus fumigatus.

Other Organs

Rarely, other organs can be affected by IFD. The hematogenous
spread of pathogens makes possible the localization of infection

also in soft tissues (skin, subcutaneous tissue, muscles), bones,
kidney, etc. In these cases, a whole-body scan with PET/MR
can reasonably help the detection of uncommon sites of
infection (Figures 12-14).
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Figure 13. A hypermetabolic Aspergillus lesion in the subcutaneous tissue (arrow) on fused PET/MR image, in a 12-year-old girl.

Figure 14. Left kidney Aspergillus lesion (arrows) in a 16-year-old girl on MRI T2-weighted and fused PET/MR images at diagnosis (A and C) and
after four weeks of antifungal treatment (B and D): the lesion shows a slight reduction in size and a significant decrease in metabolic activity.
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Conclusion
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The knowledge of the most common radiological features of
IFD is crucial to obtain a correct and early diagnosis.
Nevertheless, the differential diagnosis with other infections
and with neoplastic lesions can be challenging since fungal
infections often do not show specific radiological
characteristics; the histological examination is still frequently
required when feasible for a definite diagnosis. Whole-body
18F-FDG-PET/MRI allows the simultaneous acquisition of
both morphological and metabolic information with a lowdose radiation exposure, which represents a significant
advantage in comparison with PET-CT especially among the
paediatric population. PET/MRI can indeed be considered a
useful diagnostic tool in the assessment of disease extent and
the evaluation of treatment response in paediatric patients
affected by IFD.
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