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Fungal infections of the central nervous system (CNS) 
are rare and are invariably secondary to primary focus 
elsewhere, usually in the lung or intestine. Except 
for people with longstanding diabetes, these are most 
frequently encountered in immunocompromised 
patients such as those with acquired immunodeficiency 
syndrome (AIDS) or after organ transplantation.[1] Due 
to the lack of inflammatory response, neuroradiological 
findings are often nonspecific and are frequently 

mistaken for tuberculous meningitis, pyogenic abscess 
or brain tumor.[1,2] Intracranial fungal infections are 
being identified more frequently due to the increased 
incidence of AIDS, better radiological investigations, 
more sensitive microbiological techniques and better 
critical care of moribund patients.[2] Although almost 
any fungus may cause encephalitis, cryptococcal 
meningoencephalitis is most frequently seen, followed 
by aspergillosis and candidiasis.[1]

The clinical and imaging features of the common 
fungal infections of the CNS will be reviewed. The 
radiographic appearance alone is usually nonspecific, 
however, when combined with appropriate clinical 
setting, may help in suggesting the correct diagnosis.[3]

Cranial Infection

Aspergillosis
Aspergillus is saprophytic opportunistic ubiquitous 

fungi found in soil, plants and grows as a mold on 
decaying vegetable matter. Aspergillus fumigatus is the 
most common human pathogen; however A. flavus, A. 
niger and A. oxyzae are also frequently seen.[2] They 
have septate hyphae with dichotomous branching and 
produce spores. Humans are infected by inhaling these 
spores, with the lungs and paranasal sinuses as the 
primary site of infection.[4]

CNS aspergillosis is a rare condition with worldwide 
distribution.[4] Most cases have been reported in adults, 
although the disease is also seen in children and neonates.[5] 
Infection reaches the brain directly from the nasal sinuses 
or is hematogenous from the lungs and gastrointestinal 
tract. Rarely, the infection may contaminate the 
operative field during a neurosurgical procedure.[2] In 
immunocompromised patients, aspergillosis usually 
occurs as part of a disseminated infection.[4]

The pathology of CNS aspergillosis can be classified 
into three forms: infarction, granulomas and meningitis.[5] 
The fungal hyphae block intracerebral blood vessels, 
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to primary focus elsewhere, usually in the lung or intestine. 
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such as those with acquired immunodeÞ ciency syndrome or 
after organ transplantation. Due to the lack of inß ammatory 
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pyogenic abscess or brain tumor. Intracranial fungal infections 
are being identiÞ ed more frequently due to the increased 
incidence of AIDS patients, better radiological investigations, 
more sensitive microbiological techniques and better critical 
care of moribund patients. Although almost any fungus may 
cause encephalitis, cryptococcal meningoencephalitis is most 
frequently seen, followed by aspergillosis and candidiasis. 
The biology, epidemiology and imaging features of the 
common fungal infections of the CNS will be reviewed. The 
radiographic appearance alone is often not speciÞ c, but the 
combination of the appropriate clinical setting along with 
computed tomography or magnetic resonance may help to 
suggest the correct diagnosis.
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Figure 3: Rhinocerebral aspergillosis in an immunocompromised patient. 
Axial T2WI (A) showing heterogeneous intensity lesions with surrounding 
edema in bilateral frontal lobes. Lesions are iso to hyperintense on T1WI 

(B) and show mixed intensity on DWI (C). On post-contrast coronal (D) and 
axial (E) T1WI, lesions show heterogeneous peripheral enhancement with 
enhancing adjacent dura and involvement of ethmoid sinuses. Culture of 

the nasal scrapings grew Aspergillus fl avus
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resulting in thrombosis and subsequent infarction and 
hemorrhage.[4,6] The fungus can then spread beyond 
the vessel walls and form abscesses in the altered brain 
tissue.[6] Purulent lesions may be chronic and have a 
tendency towards fibrosis and granuloma formation.[2] 
Erosion of vessel wall can also form mycotic aneurysms. 
Aspergillosis is the most common cause of mycotic 
aneurysm.[6,7] Microscopically, the most striking feature 
is the presence of the vascular invasion with thrombosis. 
In purulent lesions, pus is seen in the center of the 
abscesses with abundant polymorphs at the periphery. 
Granulomas consist of lymphocytes, plasma cells and 
fungal hyphae.[2]

The clinical diagnosis of cerebral aspergillosis is 
difficult because of nonspecific symptoms and fever may 
be absent.[5] There may be clinical features of meningitis 
and subarachnoid hemorrhage. In patients with paranasal 
sinus disease orbital extension with proptosis, ocular 
palsies, visual deterioration and chemosis may occur. 
Aspergillosis should be considered in cases manifesting 
with acute onset of focal neurological deficits resulting 
from suspected vascular or space-occupying lesions, 
especially in immunocompromized hosts.[8-10]

The radiological appearance of Aspergillus infection of 
the CNS is variable and depends upon the immune status 
of the patients. Using computed tomography (CT) and 
magnetic resonance (MR), several patterns of cerebral 
aspergillosis have been reported: edematous lesions, 
hemorrhagic lesions, solid enhancing lesions referred 
to as aspergilloma or �tumoral form,� [Figure 1] abscess-
like ring-like enhancing lesions [Figure 2], infarction and 
mycotic aneurysm.[1] Multiple areas of hypodensity on 
CT or hyperintensity on T2-weighted images (T2WI) on 
MR, involving the cortex and/or subcortical white matter 

consistent with multiple areas of infarction is a common 
finding in Aspergillus infection. The superimposed 
hemorrhage may be identified as hyperdensity on CT and 
hyperintensity on T1-weighted images (T1WI) on MR. On 
MR, lesions may show areas of isointensity or low signal 
intensity on T2WI, which is attributed to fungal hyphae 
containing paramagnetic elements like manganese, 
iron and magnesium, but may also be related to blood 
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Figure 2: Fungal abscess in a 39-year-old immunocompromised 
male. Axial T2WI (A) shows a well-deÞ ned heterointense lesion with 
hypointense projections and wall in the right frontal lobe. Axial T1WI 

(B) shows a hypointense core with isointense intra-cavitary projections. 
Post-contrast axial T1WI(C) shows peripheral enhancement of wall with 

non-enhancing intra-cavitatory projections. Note the presence of two 
more enhancing lesions in the right thalamus and right occipital regions. 

DWI (D) shows hyperintensity in the projections with hypointensity in 
cavity. PMRS (E) shows lactate along with lipid (Lac/Lip,1.3ppm). Pus 

culture grew Aspergillus fl avus
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Figure 1: Aspergillus granuloma. Axial T2WI (A) showing a 
heterogeneous intensity lesion with surrounding hyperintensity in the 
left parietal region. Lesion is isointense on T1WI (B) and hypointense 

on DWI (C). Post-contrast image (D) shows intense enhancement of the 
mass lesion. PMRS (E) shows lactate (1.3 ppm) along with choline (3.2 

ppm). Culture of the tissue was positive for Aspergillus fl avus

A B C
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breakdown products. Dural enhancement is usually seen 
in lesions adjacent to infected paranasal sinuses, which 
represents direct extension of sinonasal disease [Figure 
3]. Recognition of these radiological patterns in patients 
with cerebral aspergillosis is helpful in establishing an 
early diagnosis.[1,11]

Diffusion-weighted imaging (DWI) is valuable 
in early diagnosis of cerebral aspergillosis as it 
detects early infarction and can also be beneficial in 
differentiating these lesions from progressive multi-
focal leukoencephalopathy and neoplasm.[12] Proton 
MR spectroscopy (PMRS) in an isolated case has shown 
elevation of glutamine-glutamate (2.1 ppm), lactate 
(1.3 ppm) and amino acids (0.9 ppm) at the central 
non-enhancing part of the aspergillus abscess which 
is significantly different from the spectra of cystic or 
necrotic brain tumors.[13] Proton MR Spectroscopy in 
aspergilloma is nonspecific with high choline, low 
creatine and lactate with no N-acetyl aspartate (NAA) 
[Figure 1].[5]

Interestingly, lesions in perforating artery territories 
are more common in hematogenously disseminated 
aspergillosis involving the brain. This affinity for 
perforating artery is possibly related to the invasion of 
the walls of the involved larger arteries, subsequently 
compromising the origins of the perforating arteries.[14]

The CT appearance of aspergillosis sinusitis has been 
described as hypodense mass lesion with calcification 
and is separate from the wall of sinuses. In most cases, 
the adjacent bony structures show areas of erosion or 
sclerosis.[15] On MR, Aspergillus sinusitis appears as 
iso to hypointense on T1WI and hypointense (may 
be mistaken for air in the sinuses) on T2WI. This T2 
shortening is due to by presence of iron, magnesium, 
as well as increased calcium contents.[5,15]

Cryptococcosis
Cryptococcus neoformans, an encapsulated yeast-like 

fungus is the most common mycotic agent to affect the 
CNS. It is a ubiquitous organism found in mammal and 
bird feces, particularly in pigeon droppings. It causes 
disease primarily in patients with impaired immunity, 
particularly in those with AIDS.[16,17] However, up to 30% 
of the patients have been reported with no predisposing 
condition.[18] Men are more commonly infected than 
women by cryptococcal infection.[5]

The infection is acquired through inhalation and 
spreads hematogenously to the CNS. The pathogenesis is 
remarkably similar to that of tuberculous meningitis.[19,20] 
The central nervous system is the preferred site for 
cryptococcal infection, because soluble anticryptococcal 
factors present in serum are absent in cerebrospinal 
fluid (CSF) and the polysaccharide capsule of the fungus 
protects it from host inflammatory response.[16]

CNS infection can be either meningeal or parenchymal.[21] 
Meningitis is often the primary manifestation and is 

most pronounced at the base of the brain. Parenchymal 
involvement is seen as cryptococcomas, dilated 
Virchow-Robin spaces or enhancing cortical nodules. It 
is believed that the meningeal infection along the base 
of the skull may involve the adjacent brain parenchyma, 
giving rise to cryptococcomas or may extend along the 
Virchow-Robin spaces. The commonest parenchymal 
sites are the midbrain and the basal ganglia. The 
pseudocysts are formed due to dilatation of the 
Virchow-Robin spaces with mucoid gelatinous material 
produced by the capsule of the organism.[17,21] The term 
cryptococcoma should be used for lesions in which the 
fungus has invaded the parenchyma, producing chronic 
granuloma composed of macrophages, lymphocytes 
and foreign body giant cells.[20] They may also arise 
within the choroid plexus resulting in obstructive 
hydrocephalus.[19] Cerebral infarctions, usually located 
in the basal ganglia, internal capsule and thalamus, may 
occur in 4% of patients with cryptococcal meningitis in 
the acute stage and during the treatment.[18]

Most patients with CNS cryptococcosis present 
with symptoms and signs of subacute meningitis or 
meningoencephalitis. Clinically, headache is the most 
common and sometimes the sole symptom. Meningeal 
features like photophobia and neck stiffness are 
uncommon. Other manifestations include symptoms 
and signs related to increased intracranial pressure 
due to hydrocephalus or related to encephalitis.[5,20] 
Meningoencephalitis is associated with high morbidity 
and mortality, especially among immunocompromised 
hosts.[19,20] Immunocompetent patients tend to present 
with localized, indolent neurological disease, more 
intense inflammatory responses but better clinical 
outcome.[22]

Cryptococcal disease may be diagnosed more readily 
than most other systemic fungal diseases for three 
reasons. The infection has a unique appearance on 
histopathology, the yeast can be seen in the CSF and 
the immunologic test for antigen in CSF and blood is 
highly sensitive and specific.[5]

The radiographic characteristics of CNS infection are 
protean and frequently minimal.[23] The spectrum of 
MR and CT abnormalities ranges from no abnormality 
to meningeal enhancement, abscesses, intraventricular 
or intraparenchymal cryptococcomas, gelatinous 
pseudocysts and/or hydrocephalus.[16,23]

Hydrocephalus is the most common, although 
nonspecific finding. Intraparenchymal and intraventricular 
mass lesions are less common.[23] Pseudocysts are seen 
as well-circumscribed, round to oval low-density lesions 
on CT and have CSF intensity on both T1WI and T2WI, 
which fail to enhance.[16] Demonstration of clusters of 
these cysts in the basal ganglia [Figure 4] and thalami 
strongly suggest cryptococcal infection.[21]

Miliary lesions and cryptococcomas may present as 
variable density masses on CT and of low intensity on T1WI 

Jain, et al.: Imaging features of CNS fungal infections
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and high intensity on T2WI [Figure 5].[23] Granulomatous 
lesions are located preferentially on the ependyma of the 
choroid plexus and may enhance [Figure 4].[16,23] However, 
contrast enhancement of cryptococcomas or meninges is 
uncommon in immunocompromised patients due to the 
underlying immunosuppression and non-immunogenic 
nature of the polysaccharide capsule of the cryptococcal 
organism.[17,19,21]

Immunocompetent patients are more likely to present 
with cryptococcomas. [23] Enhancement of these lesions 
might occur [Figure 6] as a result of an immunologic 
reaction by the host.[21] Immediate and delayed imaging 
with a double dose of contrast has been reported to 
reduce the false negative studies by showing meningeal 
enhancement in immunocompromised patients.[24]

In vivo PMRS shows marked increase in lactate 
along with decrease in NAA, choline and creatine.[25] 
Spectroscopy results suggest neuronal injury and 
gliosis in CNS cryptococcosis with decreased ratio of 
metabolite to nonsaturated water signal.[26] Ex vivo PMRS 
has shown high concentration of alpha-trehalose and is 
considered as diagnostic of C. neoformans.[27]

On DWI, cryptococcoma shows hypointensity in the 
central cavity [Figure 5] and mimics a necrotic brain 
tumor, rather than a pyogenic brain abscess.[28]

Mucormycosis
Mucormycosis is a life-threatening opportunistic 

fungal infection caused by one of the members of the 
mucoraceal family.[29] Rhizopus oryzae is the most 
common cause of infection.[30] The hyphae are broad 
and non-septated, with right-angle branching and are 
distinct from Aspergillus. When spores are converted into 
hyphae, they become invasive, involve blood vessels and 
disseminate hematogenously or may spread through the 
paranasal sinuses into the brain and orbits.[31,32]

Diabetics comprise at least 70% of the reported cases 
and less than 5% occur in normal hosts.[5] Acidosis 
rather than hyperglycemia appears to be the important 
predisposing factor.[5,30] Infection can also be seen 

in intravenous drug abusers, in patients of anemia, 
leukemia, uremia and severe burns and in those 
receiving corticosteroid or chemotherapy.[33]

The rhinocerebral form is the most common 
infection.[29,30] The organism may spread directly 
through the cribriform plate, via retrograde proliferation 
along the vessels or via extension into the orbit and 
then through the optic canal or superior orbital fissure 
into the cavernous sinus.[5] The common presenting 
symptoms are headache, fever, sinusitis, facial swelling 
and unilateral orbital apex syndrome.[31] Neurological 
deficits may result secondary to intracerebral abscess 
formation and thrombosis of major intracranial 
vessels.[29] Prognosis is poor even after aggressive 
antifungal treatment and surgical debridement.[30]

Isolated CNS mucormycosis, a focal intracerebral 
infection, is rare and is mostly seen in drug abusers. 
It presents with acute onset and rapid development 
of neurological symptoms. The suspected source of 
infection is spores in the injected substances. Infarcts 
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Figure 6: Cryptococcal meningoencephalitis in an immunocompetent 
patient. Axial T2WI (A) shows hyperintensity in the left parietal region. 

Lesion is hypointense on T1WI (B) and isointense on DWI (C). Post-
contrast image (D) shows meningeal enhancement in the region of 

abnormality. CSF showed India ink positive yeast and culture conÞ rmed 
it to be Cryptococcus neoformans

DA B C

Figure 5: Cryptococcoma. Axial T2WI (A) showing a heterogeneous 
intensity lesion with surrounding hyperintensity in the left frontal 

region. Lesion is isointense on T1WI (B) and hypointense on DWI (C). 
Post-contrast image (D) shows intense enhancement of the mass 

lesion. PMRS (E) shows lactate along with lipid (1.3 ppm), choline (3.2 
ppm) and trehalose sugars at 3.8ppm. (Courtesy: Dr. CC Tchoyoson 
Lim, Department of Neuroradiology, National Neuroscience Institute, 

Singapore)

A

D

B C

E

Figure 4: Cryptococcosis with dilated Virchow-Robin spaces in an 
immunocompromised patient. T2WI (A) shows multiple bilateral basal 

ganglia hyperintensities, which do not reveal any enhancement on post-
contrast T1WI (B). Lesions show no restriction on DWI (C). CSF culture 

showed Cryptococcus neoformans

A B C
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and abscesses are found on imaging studies, most 
commonly in the basal ganglia.[31,33] A study reported 
involvement of basal ganglia in 82% of drug abusers 
while non-drug abusers showed involvement in only 
9% of cases.[34]

Findings on CT and MR images include dense 
opacification of paranasal sinuses with variable mucosal 
thickening and usually absence of fluid levels in the 
maxillary, ethmoid, frontal and sphenoid sinuses, in 
decreasing order of incidence. Sinus contents have 
variable MR imaging characteristics, from hypointensity 
to hyperintensity on T2WI, probably secondary to the 
presence of manganese, iron and calcium.[29,31] When 
present, the finding of bony erosion of the sinuses is 
strongly suggestive of the diagnosis in the appropriate 
clinical context. It is uncommon to visualize an organized 
retro-orbital mass. Although CT may sometimes show 
evidence of infection of the orbital soft tissue, MR is 
more sensitive.[30]

Intracranial findings include infarcts related to 
vascular thrombosis, mycotic emboli and frontal lobe 
abscesses [Figure 7].[29] On MR, involvement of brain 
parenchyma by the fungus can be separated from 
bland infarction due to vascular involvement. Contrast-
enhanced MR may help in distinguishing between 
these two possibilities. Involvement of cavernous 
sinuses, internal carotid and basilar artery in the form 
of abnormal vascular signal and abnormal enhancement 
has been shown secondary to thrombus formation 
in these vessels.[5] Immunocompetent patients show 
different pattern of disease with absence of calcification 
and a predilection for the ethmoid sinuses. However, 
contrast enhancement, intraorbital and intracranial 
extension and high mortality rates are similar among 
all patients regardless of the status of their immune 
system.[31]

Siegal et al. reported elevated lactate, depleted NAA 
and presence of succinate and acetate in mucormycosis, 

without the commonly seen resonances of valine, 
leucine and isoleucine observed in bacterial abscess 
on PMRS.[35]

Diffusion restriction has been reported in a case of 
fungal cerebritis due to mucormycosis with apparent 
diffusion coefficient (ADC) values in the range of that 
reported for pyogenic brain abscess.[36] In a case report 
of right-sided vision loss secondary to rhinocerebral 
mucormycosis, DWI demonstrated optic nerve infarction 
with restricted diffusion when regular MR was normal. 
Restricted diffusion may be the earliest detectable 
abnormality in acute ischemic optic neuropathy due to 
rhinocerebral mucormycosis.[37]

Blastomycosis
Blastomycosis, a thermally dimorphic fungus, is 

endemic in the southeastern and central United States. 
It is caused by Blastomyces dermatitidis.[38,39] It is the 
yeast form that disseminates hematogenously, causing 
systemic disease. The fungus has been isolated from 
soil, which appears to be the reservoir for human 
infection.[5]

It is primarily a disease of the lung. Infection is 
usually acquired through inhalation of aerosolized 
conidia.[38,40] Chronic pneumonia is the dominant 
clinical manifestation of blastomycosis, although 
extrapulmonary disease is also common, usually 
involving skin and subcutaneous tissue, bones and 
joints, prostate gland and CNS.[40] Central nervous 
system infection is the result of either direct extension 
from the sinus or orbital infection or hematogenous 
spread.[5] Central nervous system involvement occurs 
in ∼4% of patients with blastomycosis.[41] It usually 
presents with meningitis, subdural focal leptomeningeal 
abscess or intraparenchymal abscess.[38]

It is surprising to know that blastomycosis does not 
have predilection for immunocompromised patients, 
as do other fungal organisms, such as Candida and 
cryptococcus.[42] Although it is not an AIDS-defining 
infection, reports of blastomycosis in individuals 
infected with the human immunodeficiency virus (HIV) 
are increasing.[43]

Findings on CT and MR are nonspecific. CT shows 
the presence of an isodense or hyperdense lesion with 
surrounding edema, which demonstrates variable 
enhancement on contrast administration.[5,42] On MR, 
most granulomatous lesions are hyperintense on T2WI, 
however, dural lesions can be isointense or hypointense 
on both T1WI and T2WI. Contrast-enhanced study shows 
marked enhancement of granulomatous disease.[42] Dural 
enhancement may also occur with direct extension from 
paranasal sinuses.[5] The MR appearance of parenchymal 
blastomycosis abscess is indistinguishable from other 
causes of abscess.[5] Isolating the organism is required 
for the diagnosis of blastomycosis as serologic tests are 
typically negative and are not useful.[5,39]

Jain, et al.: Imaging features of CNS fungal infections

Figure 7: Multiple cerebral abscesses in a patient who had renal 
transplantation. Axial T2WI (A) at the level of ventricles showing multiple 
ill-deÞ ned hyperintense lesions with hypointense wall and surrounding 

edema in bilateral parietal region. Lesions are predominantly 
hypointense on T1WI (B) except a lesion in the left parietal region, which 

is hyperintense suggesting presence of hemorrhage within the lesion. 
Post-contrast T1WI (C) shows intense peripheral enhancement of these 

lesions. Pus culture grew Rhizopus oryzae
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Coccidioidomycosis
Coccidioidomycosis is a systemic infection caused by a 

dimorphic fungus Coccidiodes immitis.[44] The organism 
is endemic to semiarid regions in the southwestern 
United States and northern Mexico.[45] It exists in the 
mycelial form within the soil and becomes infective 
when the airborne arthrospores are inhaled.[44] The 
heavier the inoculation, the more serious the resulting 
infection, as demonstrated by the increased incidence 
in endemic areas after severe dust storms or in members 
of archeologic expeditions who have disturbed the 
soil.[44,45]

Approximately, 4-5% of symptomatic patients may 
develop disseminated disease with associated morbidity 
and mortality.[46,47] Disseminated disease is even more 
common in immunocompromized patients.[5] Central 
nervous system involvement is usually secondary 
to hematogenous dissemination from the lungs with 
meninges as the most common site.[48]

Radiological  f indings  in  pat ients  of  CNS 
coccidioidomycosis on imaging are related to: (1) 
meningitis and ependymitis; (2) hydrocephalus; (3) 
solitary or multiple granulomas; (4) white matter disease; 
(5) vasculitis; and (6) spinal arachnoiditis.[44] Meningitis, 
a potentially lethal complication of coccidioidomycosis 
may be associated with cerebritis.[5,49] Hydrocephalus is 
seen in 68-93% of patients.[44,50] Cerebral coccidioidal 
granulomas, either solitary or multiple, are less 
common than tuberculomas, but have been reported 
pathologically.[44] Vasculitis has been observed in up 
to 40% of cases of meningitis; however, this typically 
involves the small penetrating branches of the major 
cerebral vessels, resulting in deep ischemic infarction.[48] 
Ischemia has been reported in 58% of patients which 
may be related either to vasospasm or direct invasion 
of the vessel.[47,50] Subarachnoid hemorrhage is a rare 
and fatal complication secondary to rupture of mycotic 
aneurysm.[51]

MR is superior to CT for detecting neuroimaging 
abnormalities in patients with coccidioidomycosis.[46] 
Typically, diffuse and intense leptomeningeal 
enhancement of basilar, sylvian and interhemispheric 
cisterns is seen on post-contrast MR studies in 
coccidioidomycosis meningitis.[47,50] Leptomeningeal 
enhancement can also extend to the spinal canal. 
Occlusion of the anterior spinal artery due to meningeal 
inflammatory process has also been reported.[5,50] 
Communicative or obstructive hydrocephalus develops 
after the granulomatous process about the fourth ventricle 
and basal meninges.[44] Deep cerebral infarcts can be seen 
as areas of hyperintensity on T2WI. Less commonly, 
focal white matter or deep grey matter enhancing lesions 
representing granulomas are identified. Uncommonly, 
focal abscesses have been reported in HIV patients.[52] 
Patients with documented neuroimaging abnormalities 
have a higher mortality.[46]

Histoplasmosis
Histoplasmosis, caused by a dimorphic fungus 

Histoplasma capsulatum, can range from subclinical 
infection to progressive disseminated disease.[53,54] 
Infection is endemic in the upper Mississippi River 
and Ohio River valleys.[53] H. capsulatum grows 
as a mold in the soil and causes infection when 
microconidia or hyphal elements are inhaled and 
convert into yeasts in the lungs or when organisms 
in old foci reactivate during immunosuppression.[39] 
Disseminated disease is uncommon and occurs 
primarily when cellular defenses are impaired.[53] 
Histoplasmosis represents the first manifestation of 
AIDS in 50-75% of patients.[39]

Clinical findings of progressive disseminated 
histoplasmosis are usually nonspecific.[53] Clinical 
syndromes include subacute or chronic meningitis, 
focal brain or spinal cord lesions, stroke and diffuse 
encephalitis.[53,55]

CNS involvement is clinically recognized in 5-10% 
of cases of progressive disseminated histoplasmosis. 
However, in autopsy studies, it is reported in up to 
25% of cases.[53,55] Sites of CNS involvement include 
the basilar meninges, gray-white matter junction in the 
brain and rarely the spinal cord.[56] Isolated involvement 
of the thalamus and choroid plexus has also been 
described.[5,57] Based on pathological correlation CNS 
histoplasmosis has been described in three forms: 
Meningitis, Cerebritis and Vasculitis.[56]

Imaging features of CNS histoplasmosis are 
nonspecific. CT is abnormal in ∼90% of cases, usually 
showing enhancing mass lesions, cerebral atrophy or 
hydrocephalus.[53] On MR, the lesions are hyperintense 
on T2WI and hypointense on T1WI with perilesional 
edema and ring enhancement. In abscesses, the rim 
may be hypointense on T2WI due to the presence 
of paramagnetic free radicals in its wall. Diffuse 
leptomeningeal enhancement may also be present.[5] 
Rarely, the disease may present as a histoplasmoma, 
which appears as an expansile lesion in the thalamic, 
hypothalamic and chiasmatic regions, with ring 
enhancement.[58]

Candidiasis
Candida species are ubiquitous yeasts, found on 

plants and as normal flora of the alimentary tract and 
mucocutaneous membranes of humans.[59] Human 
candidiasis is most commonly caused by Candida 
albicans. The rapid multiplication in tissues, production 
of proteases, adhesions to extracellular matrix proteins 
and complement binding receptors are among the 
important factors contributing to its virulence.[60]

The clinical manifestations of candidiasis are primarily 
of three types: mucocutaneous, cutaneous and systemic 
or disseminated. Incidence of disseminated candidiasis 
is on the rise due to an increase in immunocompromised 

Jain, et al.: Imaging features of CNS fungal infections



247Neurology India | July-September 2007 | Vol 55 | Issue 3

This 
PDF is

 av
ail

ab
le 

for f
ree

 download
 fr

om

a s
ite

 hoste
d by M

ed
kn

ow Public
ati

ons

(w
ww.m

ed
kn

ow.co
m).

patients. Other risk factors include admission to 
intensive care units, total parenteral nutrition, multiple 
antibiotics, premature infants, corticosteroid use, 
chemotherapy and following organ transplantation, 
particularly during acute rejections.[61,62]

Primary candidiasis of the brain and meninges is 
rare; however, CNS invasion is reported in 18-52% 
in disseminated candidiasis.[52,63] Candida causes 
focal necrosis around the microcirculation mainly in 
the middle cerebral artery territory producing micro-
abscesses. It can also cause vasculitis, intraparenchymal 
hemorrhage, aneurysms and thrombosis of small 
vessels with secondary infarction.[5,63] Involvement of 
paranasal sinuses with extension to brain parenchyma 
with multiple abscess formation has also been reported 
[Figure 8].[5]

CT usually underestimates the extent of the disease. 
Microabcesses appear iso to hypodense on non-
enhanced CT and show multiple punctate enhancing 
nodules on contrast study. Granuloma may appear 
as hyperdense nodule on CT with nodular or ring 
enhancement. On MR, granuloma formation and brain 
abscess may have hypointense signals on T2WI due to 
the magnetic susceptibility effect of hemorrhage. Lesions 
show ring-enhancement on contrast administration. MR 
also shows features of associated meningitis, vasculitis 
and infarction.[5,63]

Common MR features of brain abscess secondary to 
fungal infection

Fungal abscesses are hypointense on T1WI and 
hyperintense on T2WI with well-defined rim enhancement 
on post-contrast images in immunocompetent patients. 
However, in immunocompromised patients, abscesses 
appear as patchy or punctate T2 hyperintense lesions 
with frequently absent enhancement. However, contrast 

enhanced imaging decreases the number of false negative 
studies.[1,64,65] Fungal lesions are known to show lipids 
(1.2-1.3 ppm), lactate (1.3 ppm), alanine (1.5 ppm), 
acetate (1.9 ppm), succinate (2.4 ppm), choline (3.2 ppm) 
and unidentified resonance at 3.8 ppm on PMRS.[27,35,66] 
In a recent study conducted in our institution fungal 
abscesses were differentiated from non-fungal lesions 
by combining the conventional, DWI and PMRS 
features.[67] A ring-enhancing, T2-heterointense lesion 
with irregular walls and non-enhancing intra-cavitary 
projections having low ADC carries a high probability 
of being a fungal abscess. These projections, directed 
centrally from the wall, are isointense to hypointense 
on T1WI and hypointense on T2WI [Figure 9]. The 
identification of multiple signals seen between 3.6 and 
3.8ppm assigned to trehalose sugars on PMRS may 
further add to the diagnostic confidence.[67]

Spinal Infections

Fungal infections of the spine are relatively uncommon. 
They have been reported with Candida, aspergillosis, 
cryptococcus, coccidioidomycosis and histoplasmosis. 
Candida and Aspergillus produce disease when they 
gain access to the vascular system through intravenous 
lines, during implantation of prosthetic devices or 
during surgery. For the other fungi, spinal involvement 
usually is the result of hematogenous or direct spread 
of organisms from an initial pulmonary source of 
infection.[68]

The vertebral body, posterior bony vertebral elements, 
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Figure 8: Rhinocerebral candidiasis. Sagittal T2WI (A) shows mixed 
intensity area in the basal frontal region with edema. Axial T2WI (B) 

shows multiple hyperintense areas with hypointense rims in the bilateral 
frontal lobes. Sagittal T1WI (C) shows the lesion to be isointense to gray 

matter. Post-contrast T1WI (D) shows heterogeneous enhancement of the 
lesion along with enhancing sphenoid and ethmoid sinuses. Pus culture 

from the brain grew Candida albicans

A B C

D Figure 9: Fungal abscess in the left fronto-parietal region of a 46-year-old 
male immunocompetent patient. The lesion appears as a well-deÞ ned 
hyperintense mass with irregular wall and intra-cavitary hypointense 
projections on axial T2WI (A). Axial T1WI (B) shows hypointense core 
with isointense intra-cavitary projections. Post-contrast axial T1WI (C) 
shows peripheral enhancement of wall with no enhancement of intra-

cavitary projections. Hyperintense projections with hypointense cavity 
are seen on DWI (D). PMRS (E) shows amino acids (AA, 0.9ppm) and 

lactate (Lac, 1.3ppm) with multiple peaks at 3.6 and 3.8ppm. Pus culture 
grew Aspergillus fl avus

A B C

D
E
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epidural space and perispinal soft tissues may be 
involved in the infectious process. Occasionally, the 
intervertebral disc may be relatively spared early in 
the disease.[69]

Fungal spondylitis secondary to Candida and 
Aspergillus is characterized by low signal intensity 
on T1WI and high signal intensity on T2WI with 
intervening disc involvement [Figure 10]. The bone 
marrow in the affected vertebral bodies may show low 
signal intensity on both T1WI and T2WI due to lack 
of inflammatory response in immunocompromised 
patients.[5,70] In some cases, hyperintensity of the 
vertebral disc is absent and rarely, intranuclear cleft 
may be preserved.[71] Epidural abscess may be seen in 
Aspergillus infection. There are reports of intradural 
abscess formation following epidural steroid injection 
in immunocompetent individuals.[5,72]

Skeletal coccidioidomycosis is frequently multicentric. 
The axial skeleton is the most common site.[73] Spinal 
involvement is seen in approximately 25% of patients 
with disseminated disease.[74] Spinal lesions are usually 
well-demarcated but may be ill-defined with permeative 
type of bone destruction. Plain radiographs are effective 
in the initial evaluation of bones and joints. CT and MR 
are useful in determining soft tissue involvement and 
spinal abnormalities.[73] The typical imaging features 
include disc involvement, heterogeneous marrow signal 
alteration and extensive extra-osseous involvement 
with lack of bony deformity.[74] Other features include 
phlegmenous, enhancing non-liquefactive soft tissue 
abnormalities, cord compression and nerve root 
impingement. As the disease is multifocal, MR screening 
of the entire vertebral column often reveals occult 
areas of involvement.[74] The extensive soft tissue and 
marrow involvement with lack of bony deformities are 
the features that help to differentiate coccidiomycosis 

from other causes of infective spondylitis.[5] As the MR 
features are nonspecific, biopsy with culture is required 
to establish the diagnosis.[74]

Spinal cord disease is a rare presentation of 
cryptococcosis.[75] Bony involvement is seen in 5% of 
disseminated cryptococcosis.[76] Imaging findings are 
not specific and simulate spinal tuberculosis with 
involvement of the vertebral body along with posterior 
elements and paraspinous and perivertebral soft tissues 
with relative preservation of the disc.[77,78] The vertebral 
body predominantly shows osteolytic lesions with 
discrete margins, absent surrounding sclerosis and 
periosteal reaction.[79] Meningoradiculitis and spinal 
cryptococcal granulomas are rare [Figure 11].[75,77] In 
a case of spinal cryptococcus infection DWI shows 
hyperintensity of involved vertebral body, epidural 
space and posterior elements.[80]

Bone is the one of the frequent sites of disease in 
patients with blastomycosis, lower thoracic or lumbar 
vertebrae being most often affected.[81] MR reveals 
destructive vertebral changes, an epidural mass, psoas 
abscess and lack of involvement of the disc spaces. 
Sparing of the disc space is due to spread of infection 
by way of paravertebral structures and surrounding 
potential spaces.[82] Blastomycosis can rarely present as 
an isolated intramedullary lesion.[83]

Treatment of fungal spondylitis is often delayed 
because of difficulty with the diagnosis that results in 
poor prognosis. Performing fungal cultures whenever 
a spinal infection is suspected might hasten the 
diagnosis.[84]
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