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Background: Central nervous system (CNS) cladosporiosis is
a rare infection caused by Cladophialophora bantiana. It has
varied presentation and poor outcome. Most of the available
data in the literature are reviews of individual case reports.
Objective: To describe the clinical, radiological and mycological
features of 10 cases of C. bantiana managed at a single tertiary
center. To analyze the various treatment options, factors
associated with outcome, and to review the relevant literature.
Materials and Methods: This is a retrospective study of 10
patients with CNS cladosporiosis managed at National Institute
of Mental Health and Neurosciences from 1979 to 2006. Itis a
descriptive study. The case records were reviewed for clinical
presentation, radiological features, management and outcome.
Only those patients in whom the fungus could be isolated on
culture were included in the study. Results: The age of the
patients ranged from three to 42 years. Nine patients presented
with features of space-occupying lesion and one patient with
chronic meningitis. There were no specific clinical or radiological
features. None of patients had impaired immune status. This
infection presented as two pathomorphological forms - diffuse
meningoencephalitis and focal abscesses. Burr hole tapping
and excision are the surgical options. Both patients with burr
hole tapping required excision of abscess subsequently. Two
out of seven patients with abscess expired compared to all
three patients with diffuse meningoencephalitis who expired.
Recurrences occurred in four of the five patients following
excision of the abscess. Combination antifungal treatment had
better result than monotherapy. The outcome was poor with
survival of only 50%. Conclusions: Thorough microbiological
examination is required to diagnose CNS infection caused by
C. bantiana. The outcome is better in patients with abscess.
Excision of the abscess followed by combination antifungal
therapy results in better outcome. Close follow-up is required
due to high risk of recurrence.
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Phaeohyphomycosis is an infection caused by a
number of dematiaceous fungi, characterized by the
basic development of dark colored filamentous hyphae
in the invaded tissue. These exist in hyphal to yeast
forms in the tissue. There are about 25 phaeoid fungal
species identified as causing phaeohyphomycosis of
which Cladophialophora bantiana (C. bantiana) is the
most common species affecting humans.! This fungus
has a distinct neurotropism.* This is a rare fungal
infection, the incidence of which has been increasing
lately.™ This infection has two broad groups - one is
disseminated systemic phaeohyphomycosis (DSP)
wherein infection is disseminated throughout the body
and the other is cerebral phaeohyphomycosis which is
restricted to the central nervous system (CNS).[! While
the former have associated decreased host immunity,
this is not the case in the latter. The outcomes are poor
with survival rates of 29-45%." Most of the data in the
literature is a compilation of individual case reports.
We have had the experience of treating cerebral lesions
caused by C. bantiana in 10 patients at the National
Institute of Mental Health and Neurosciences. In
this report, we analyze the clinical, radiological and
mycological features, the factors responsible for poor
outcome and review the relevant literature. To our
knowledge, this is the largest study of cases from a
single center.

Materials and Methods

This is a retrospective study. We reviewed the clinical
records of patients with CNS cladosporiosis proven by
growth of the fungus on culture. From 1979, when the
first case was reported till 2006, there were 10 cases of
CNS infection caused by C. bantiana. Of the 2160 cases of
intracranial abscesses (bacterial, tubercular and fungal)
managed during this period, 22 were fungal and seven of
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these were due to C. bantiana. The remaining three were
cases of diffuse meningoencephalitis due to this fungus.
The medical records department at the National Institute
of Mental Health and Neurosciences (NIMHANS) has
case files stored and indexed. These were retrieved
by the first author. The radiology of patients prior to
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[Table 1].

1994 is not available and the facts written in the file
were used. Subsequent images were retrieved from the
records department of the Neuroradiology department.
The clinical data, radiological features, management
and outcome in these 10 cases were analyzed in detail

Table 1: Summary of cases

Age/
Sex

37/M

32/M

42/M

20/M

16/M

20/M

49/M

22/M

25/M

3/M

Clinical features

Rt hemiparesis

- 1 month Altered
sensorium- 2
days

Psychotic
behavior - 6
months

Left hemipareses
- 2 days

Left hemiparesis
- 8 months
Headache and
fever - 4 months

Raised ICT - 4
months Altered
sensorium - 8
days

Raised ICT - 5
months

Right
hemiparesis - 10
days

Right
hemiparesis - 2
months.
Raised ICP - 1
month

Right
hemiparesis- 2
months. Raised
ICP- 1 month

Raised ICT

- 1 month Right
hemiparesis- 5
days

Right
hemiparesis- 5
months

CT scan/
angiogram

LCA - Parietal
mass

RCA-
Suprasylvian
mass

Extensive right
parieto-occipital
hypodense
areas with mild
hydrocephalus

Multiple

right frontal
hypodense
ring-enhancing
lesions

Multiple
coalescing right
frontal lesions

Left posterior
frontal
hypodense ring-
enhancing lesion

Two cystic
ring-enhancing
lesions in left
frontoparietal
region

Ring-enhancing
lesion left frontal
lobe

Right frontal
ring-enhancing
lesions

Left posterior
frontal multiple
coalescing
ring-enhancing
lesions

LP CSF

3500 polys
20 mg% glu 220
mg% proteins

500 polys
20 mg% glu
80 mg% proteins

720 cells 60%
poly 40% lympho

375 cells all
polys 40 mg%
glu

54 mg%proteins

2 cells
18 mg% glu
20 mg% proteins

Operative findings

Burr hole biopsy

Burr hole aspiration -
10 mi

yellowish necrotic
material

Craniotomy

and excision.
Multiloculated thick
walled abscess.

Rt VP shunt

Craniotomy and
excision. Re-explored
twice to achieve total
excision.

Stereotactic
aspiration Repeated
tapping. Craniotomy
and excision. Re-
explored for excision.

Craniotomy and
excision. Thick-walled
abscess. Yellowish
pus.

Craniotomy and
excision. Repeated
tapping for
recollection. Re-
exploration and
excision.

Burr hole and
tapping followed
by craniotomy and
excision.

Craniotomy and
excision. Re-
exploration and
excision after 20 days

Antifungal
agents

Not given
(diagnosed
postmortem)

Not given
(diagnosed
postmortem)

Not given
(diagnosed
postmortem)

Amphotericin
B

Amphotericin
B+5FC

Amphotericin
B + 5-FC

Amphotericin
B+
Fluconazole

Amphotericin
B + 5-FC

5-FC +
ltraconazole

Voriconazole

Patho-
morphological
form

Diffuse meningo-
encephalitis with
cerebritis

Diffuse meningo-
encephalitis with
cerebritis

Diffuse meningo-
encephalitis with
cerebritis

Abscess

Abscess

Abscess

Abscess

Abscess

Abscess

Abscess

Outcome

Expired

Expired

Expired

Expired

Good. 24
months FU

Good. 5
months FU

Good
3 months
FU

Expired due
to meningitis

and

ventriculitis

Good
3 year FU

Good.

3 month FU

Rt=Right, Lt=Left, LCA=Left carotid angiogram, RCA=Right carotid angiogram, polys=polymorphs, lympho=lymphocytes, Glu= Glucose, 5-FC=5-Flucytosine,

ICT=Intracranial tension, FU=follow-up, CSF analysis not done in last 5 cases
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Results

The age of the patients ranged from three to 42 years
(median 23.5 years), seven of them being farmers. All the
patients were males. Seven patients were farmers, one
was a software engineer and one was a mill-worker.

The duration of symptoms ranged from 10 days to eight
months (median three months). Nine patients presented
with focal neurological deficits and raised intracranial
pressure (ICP). One patient (Case 3) presented with
chronic meningitis. Fever was present in only five
patients. None of these patients had predisposing factors
such as diabetes mellitus, chronic steroid therapy,
tuberculosis, chronic immunosuppressive therapy or
human immunodeficiency virus (HIV) infection. None
of these patients had history of trauma or fungal skin
lesions.

Computed tomography (CT) scan was done in all
patients except in two who underwent angiogram prior
to availability of CT scan. The mass was avascular in
these two patients with features of mass effect on the
angiogram. In all patients except one (Case 3), CT scan
showed multiple coalescing ring-enhancing lesions
with hypodense center with significant perilesional
edema [Figure 1]. The lesions were located in the frontal
lobe predominantly. In one patient (Case 3), the CT
scan showed an ill-defined hypodensity in the right
parietooccipital region with mild hydrocephalus. The
CT picture was thought to be consistent with infarction.
However, at autopsy, granular, necrotic and hemorrhagic
lesions were seen in the frontoparietooccipital white
matter extending to the basal ganglia and diencephalic
nuclei. Necrotic tissue from this area submitted for
fungal culture grew C. bantiana. Cerebrospinal fluid
(CSF) analysis was done in five patients. It revealed
evidence of significant pleocytosis with polymorph
predominance in three patients. However, the fungus
could be isolated from the CSF in only one patient

who had ventricular contamination during surgery for
multiloculated lesion. Chest radiograph was normal
in most of the patients. One patient had features of
bronchiectasis and another had consolidation of the lung
which resolved with antibiotics. None of the patients
had CNS involvement as a part of disseminated systemic
phaeohyphomycosis.

Burr hole tapping of abscess, excision or both were the
surgical procedures performed in those with abscess.
Burr hole tapping was done in four patients (Cases 1, 2,
6 and 9). In Cases 1 and 2, this was done prior to the CT
era for diagnostic purposes. These were nonconclusive
in both these patients. In Cases 6 and 9, burr hole
tapping revealed yellowish brown, non-foul-smelling
pus. Craniotomy and excision of abscess was done due to
persistence of the abscess in spite of being on antifungal
drugs and repeated tapping. Total excision of the abscess
was done primarily in five patients (Cases 4,5,7,8,10).
Intraoperatively, these lesions had multiple loculi, with
thick-walled capsule containing non-foul-smelling
yellowish, viscid, inspissated purulent material. These
patients had significant and early improvement in their
neurological status. However, four patients of these five
had recurrence of the abscess requiring repeat surgery
[Figure 2]. The recurrence was early, within one month,
in spite of being on antifungal therapy.

Microscopic examination of the wet mount preparation
of this material (pus or necrotic tissue) revealed septate,
darkly pigmented, brownish hyphae with many conidia
free or attached to the sides. Following this, the samples
were submitted on Sabouraud’s dextrose agar (incubated
at room temperature and at 37°C). On the fifth day
of incubation, olive green-colored colonies [Figure
3] appeared which turned to brown by the 15" day.
Lactophenol cotton blue preparation from these fungal
colonies showed septate, darkly pigmented hyphae
with chains of elliptical conidia attached [Figure 4]. The
infection was poorly defined extensive necrotic lesion

Figure 1: Computed tomography (CT) scan showing multiple coalescing
ring-enhancing lesions with hypodense center with significant
perilesional edema (Case 5)

Figure 2: CT scan with recurrence of the lesion (Case 10)
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Figure 3: Culture of Cladophialophora bantiana on Sabouraud’s dextrose
agar showing olive-green colonies

Figure 4: Lactophenol cotton blue preparation of culture of
Cladophialophora bantiana under microscope (40x) showing
conidiophore-bearing long partly branched chains of elliptical conidia.

in three cases (Cases 1, 2, 3). In these three patients,
the diagnosis could be established only on the basis of
autopsy. In the remaining cases, there was a well-formed
abscess with thick capsule and good plane of cleavage
(Cases 4 to 10).

Antifungal treatment was given in all those in whom
diagnosis was established antemortem. Amphotericin
B (Amp B) was the drug of choice in combination
with other antifungals as 5-Flucytosine, fluconazole or
itraconazole. Amphotericin B was given as monotherapy
in one patient and in combination with other antifungals
in others. One patient (Case 10) received voriconazole.
This patient was only three years old. He was started
on voriconazole due to our limited experience of using
Amp B in such young patients. This patient had a
recurrence after one month of total excision requiring
repeat surgery. The response to voriconazole was good
following excision. At three months’ follow-up, there
was no recurrence.

Five patients had good outcome following surgery

and antifungal treatment. All the patients with
good outcome had well-defined abscess which
were excised. These patients received Amp B in
combination with 5-Flucytosine or itraconazole or
only voriconazole monotherapy. Five patients expired
(Cases 1,2,3,4,8). In Cases 1-3, the diagnosis could
not be established antemortem. These patients had
diffuse meningoencephalitis with necrosis. The other
two patients had abscesses which were excised. Case
4 was in poor neurological state on admission to the
hospital and prior to surgery. He progressively worsened
following surgery. Case 8 had ventricular contamination
during surgery and developed ventriculitis subsequently.
Follow-up is available in all patients who survived.
The mean follow-up was 14 months (range three to 36
months).

Discussion

C. bantiana is a dematiaceous fungus with distinct
neurotropism. It is ubiquitous in nature without any
predilection for geographic location or race. This fungus,
of a considerable taxonomical confusion, has recently
been accommodated under the genus Cladophialophora,
separated from the saprophytic Cladosporium species
by having poorly differentiated conidiophores and
unpigmented scars.!” It has been isolated from soil,
bark, detritus, decaying lumber and from brick walls
of a feed and seed warehouse.!**! This causes deep-
seated phaeohyphomycosis (DSP) in humans. The
exact mode of infection is not clear though inhalation
of spores into the lung and subsequent colonization
and hematogenous spread to the brain is a widely
accepted mode.""" Lung has been described as the
most common site of primary invasion,!**!? though
these elements have been seldom isolated from the
lung.["¥ Trauma has been implicated in three cases.!'*'%
Trauma results in implantation of these fungal elements
in the skin resulting in cutaneous or subcutaneous
infection which may disseminate subsequently. While
disseminated phaeohyphomycosis is more common
in individuals with underlying conditions resulting
in immunodeficiencies, cerebral phaeohyphomycosis
affects apparently normal hosts.["*'%l However, more
cases of cerebral phaeohyphomycosis are being reported
to be occurring in immunocompromised hosts as
following transplants,21723l and in patients on long-
term steroid treatment.?*?*! None of our patients had
preexisting or associated illnesses resulting in impaired
immune status. All of them had disease restricted to
the CNS.

Clinical features The usual clinical features are
hemiparesis, seizure, fever and raised intracranial
tension (ICT).B! Similar presentation was seen in our
patients. Lumbar puncture revealed pleocytosis with
polymorphonuclear cell predominance in most of the
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patients. This is consistent with earlier reports.[26:27
In the absence of contamination, the CSF is generally
sterile. Even in the case reported by Bennet, ! of chronic
meningitis caused by this fungus, the CSF was sterile
on many occasions. The diagnosis was established only
at autopsy when the pus from the base of the brain
grew the fungus on culture. In our series, the fungus
could be cultured from the CSF in only one patient.
In this patient, the ventricle was inadvertently opened
while excising the deeply situated fungal abscess
resulting in contamination and ventriculitis. Similar
complications leading to ventriculitis and death have
been reported.?8:2%

CNS cladosporiosis generally manifests as brain
abscess.!*1% Rare presentations as meningitis®%3% and
extensive meningoencephalitis!**3!! have also been
reported. The morphology of the infection by this
organism may depend upon the immune status and
immune response.l’ Diffuse meningoencephalitis
with extensive necrosis have been reported
predominantly in immunocompromised patients.*!
In the present series, two pathomorphological forms of
phaeohyphomycosis were seen. None of these patients
had disseminated systemic phaeohyphomycosis or
immunocompromised.

Radiological features: The radiological features of
CNS cladosporiosis are not characteristic. The CT scans
show the lesion to be either well-defined or poorly
defined as described above. Well-defined lesions may
be single®? or multiple conglomerate ring-enhancing*!
with perilesional edema. It is not possible to differentiate
bacterial or tubercular abscess® from cladosporium
abscess. Occasionally, the edema surrounding may
be disproportionate to the size of the lesions. These
abscesses are usually hemispheric, affecting the white
matter.[*¥ Similar CT findings were observed in our
patients. There are reports of involvement of the
choroids plexus, thalamus, diencephalons, cerebellum
and brainstem.!**?735-3¢ Chest radiographs were normal
in the majority of our patients.

Treatment: The most important factor that determines
cure is the pathomorphological type of the fungal lesion.
The surgical options for abscess include stereotactic
biopsy and aspiration,®! burr hole and tapping™ and
excision."** Burr hole and tapping is inferior to
excision."?! These patients may not have definitive
diagnosis on aspiration (Cases 1 and 2) or may have
significant residue requiring multiple attempts at
aspiration (Cases 6, 9). The aspirate is also thick
preventing adequate decompression. Both the patients
who underwent multiple tappings subsequently required
craniotomy and excision of the abscess due to persistence
of lesion. Excision in cases with well-defined abscess
helps in reducing the edema, reduction of the disease load
and better response to antifungal therapy.””! Recurrences

were common in spite of attempted total excision of
the abscess. Re-excision was done in cases of residual
or recurrences in spite of being on antifungal treatment
(Cases 5, 6, 8,10). Importantly, all these recurrences
were early, within one month postoperatively. Hence
it is important to keep these patients on close clinical
and radiological follow-up. It is important to avoid
contaminating the CSF spaces, especially the ventricle.
Once the infection becomes widespread, the outcome
is fatal despite aggressive surgical management and
antifungal therapy as noticed in Case 7.

The efficacy of various antifungal agents is not clearly
established in humans. Amphotericin B, flucytosine,
itraconazole and newer triazoles such as voriconazole
and posaconazole have all been used with limited
success in these patients.**?) These fungi may have
innate or acquired resistance to Amphotericin B.*! In
our series, Amphotericin B was the most commonly
used antifungal agent (Cases 4-8). This was used
either singly or in combination with 5-Flucytosine or
fluconazole. The results were mixed. The patient who
received only Amphotericin B following excision of the
abscess died (Cases 4). Of the four patients who received
Amphotericin B in combination with other antifungals,
three cases had a good response and one patient expired
(Case 8). Al-Abdely et al.*Yin their experimental study
on mouse showed that Amphotericin B prolonged
survival but did not lower the brain counts of the
fungus significantly. Dixon and Pollock too found this
drug to have a modest effect on the survival at higher
doses.*? Hence a combination therapy may be more
beneficial as seen in three of our cases. Amongst the
various antifungals available for treatment, new triazoles
have shown promising results in animal studies and
in case reports. Amongst the triazoles, fluconazole
is not effective in cerebral phaeohyphomycosis.*"
Recently, more cases of successful treatment of
cladosporium abscess are being reported with the use
of voriconazole.'®**4 Experimental studies in murine
models have shown the best response with newer
triazole posaconazole.*"

Mortality: Central nervous system cladosporiosis is
associated with high mortality rates with survival up
to 29-45%.1"1%27ITn the present series, the final outcome
was poor with only 50% survival rate. All three patients
with diffuse meningoencephalitis with cerebritis
expired. Two patients out of seven with cerebral abscess
expired. One of them was in poor neurological status
prior to surgery and the other developed ventriculitis
and meningitis.

Conclusion

CNS infection caused by Cladophialophora bantiana,
may present as well-defined abscess or poorly demarcated
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cerebritis with extensive necrotic lesions. There are no
specific clinical or radiological features to suggest the
diagnosis. Hence a thorough microbiological analysis
is required to diagnose this infection. Excision of the
abscess followed by antifungal therapy may improve
the outcome. Amphotericin B has a limited efficacy
when used alone and may be used in combination
with other antifungals as 5-Flucytosine, itraconazole
or newer triazoles such as voriconazole to improve the
results. Diffuse meningoencephalitis, poor neurological
state and associated meningitis and ventriculitis are
associated with poor outcomes.
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