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ABSTRACT

Background and Objectives: The frequency of central nervous system (CNS) fungal infections is rising, leading to in-
creased mortality. These infections pose diagnostic challenges, and therapy depends on the specific fungal pathogen identi-
fied. Only a few studies from India have examined the spectrum of fungal pathogens causing CNS infections. The objective
of this study was to analyze the clinical and microbiological diversity of fungal pathogens responsible for CNS infections.
Materials and Methods: This was a retrospective study conducted at a tertiary care center in India from January 2023 to
December 2024. The study included patients in whom fungi were isolated from cerebrospinal fluid, brain abscess pus, and
paraspinal abscesses.

Results: Nine fungal pathogens were identified during the study period. Three isolates were yeasts and six were molds. Brain
abscess was the predominant clinical presentation. The yeast isolates included Cryptococcus neoformans (n = 1) in menin-
gitis and Candida tropicalis (n = 1) and Candida parapsilosis (n = 1) in VP shunt infections. The molds isolated from brain
abscesses included Cladophialophora bantiana (n = 1), Rhizopus arrhizus (n = 1), Aspergillus flavus (n = 2), Scedosporium
apiospermum (n = 1), and Chaetomium lucknowensis (n = 1). Mortality was observed in 4 of 9 cases (44.4%).

Conclusion: In the present study, nine fungal pathogens were isolated over a two-year period from varied clinical presenta-
tions. This highlights the rarity of the condition, which should not be overlooked.

Keywords: Brain abscesses; Meningitis; Ventriculoperitoneal shunts; Cladophialophora bantiana; Scedosporium apiosper-
mum; Chaetomium lucknowensis

INTRODUCTION ical symptoms, predominantly meningitis, hydro-
cephalus, and space-occupying lesions (1).
Fungal infections of the central nervous system The mode of infection is via inhalation or direct

have increased in recent decades, especially in im-  transmission from the sinuses and orbit. Upon inha-
munocompromised patients and patients in intensive lation, the pathogen disseminates hematogenously
care units (1, 2). These infections exhibit many clin- into the systemic circulation or to the brain (2). The
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fungi that most frequently lead to infections include
Cryptococcus spp., Aspergillus spp., Mucorales, His-
toplasma spp., and Candida spp. A few emerging
fungi, such as Scedosporium spp. and Lomentospora
spp., cause infections in immunocompromised indi-
viduals (3).

The diagnosis of fungal infections remains chal-
lenging (4, 5). Molecular techniques such as se-
quencing can diagnose rare fungi, which are difficult
to identify using phenotypic approaches. A delay in
diagnosis may result in complications in therapy.

CNS fungal infections are challenging to manage
due to the varying treatment protocols for each type
of fungus (4). Antifungal drugs, administered indi-
vidually or in combination, will assist in the treat-
ment of central nervous system fungal infections.
Identifying the pathogen responsible for the infection
and administering appropriate treatment is crucial
to mitigating mortality associated with the disease.
Limited research exists in India concerning the range
of microorganisms responsible for CNS fungal infec-
tions (6, 7).

The objective of this study is to analyze the clin-
ical and microbiological range of fungal pathogens
responsible for CNS infections at our institution.

MATERIALS AND METHODS

This is a retrospective study conducted from Janu-
ary 2023 to December 2024 (2 years) by the Depart-
ment of Microbiology at a tertiary care center in In-
dia. Patients with growth of fungi from cerebrospinal
fluid, pus from brain abscess, and paraspinal abscess
were included in the study.

The data regarding demography, clinical diagno-
sis, risk factors, site of infections, organisms isolat-
ed, management, and outcomes were collected from
medical records. The pus and CSF samples received
were subjected to direct microscopy by KOH-Cal-
cofluor white stain and inoculated into Sabouraud’s
Dextrose Agar, followed by incubation at 30°C &
37°C for 5-7 days. Identification and antifungal sus-
ceptibility testing of the yeast isolates were done by
the VITEK-2C system (bioMérieux, Marcy-I'Etoile,
France) using the YST and YS08 panels. The results of
the yeast were interpreted as per CLSI guidelines (8).

Identification of the molds was performed by slide
culture. Confirmation of identification was carried
out using MALDI-TOF MS (Bruker Daltonics, Bre-
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men, Germany), and rare molds were confirmed by
DNA sequencing of the internal transcribed spacer
(ITS) regions. The primer sets used for sequencing
are listed in Table 1. Sequencing was performed using
a Sanger sequencer, and the resulting sequences were
BLASTed against the NCBI and Westerdijk (CBS)
databases.

Table 1. Primer sets used for the sequencing of rare molds

Primer name Sequence (5'-3")
ITS4 TCCTCCGCTTATTGATATGC
ITS5 GGAAGTAAAAGTCGTAACAAGG

AFST for molds was performed using the micro-
broth dilution method as per CLSI guidelines (9). The
antifungals (Sigma-Aldrich, Bengaluru, India) tested
were voriconazole, itraconazole, amphotericin B, po-
saconazole, and isavuconazole. Terbinafine was addi-
tionally tested for S. apiospermum.

The results were interpreted as per CLSI guidelines
for Aspergillus flavus (10). No interpretative break-
points are available for other molds.

Statistical analysis. Descriptive statistics were
used for analysis, and categorical data were described
as frequencies with percentages. The data were en-
tered into a Microsoft Excel sheet and analyzed using
the Statistical Package for the Social Sciences (SPSS)
version 20.0.

Ethical approval. Ethical approval has been ob-
tained with the letter number EC/NIMS/3038.

RESULTS

Nine fungal pathogens were identified during the
study period. Three (33.3%) isolates were yeast, and
six (66.6%) were molds.

The median age of the patients was 38 years, and the
male: female ratio was 8:1.

Molds caused six (66.6%) cases of brain abscess,
which was the predominant clinical presentation. The
clinical features were hemiparesis (n=4), headache
(n=3), seizures (n=2), and fever (n=1).

Ventriculoperitoneal (\VVP) shunt infections were ob-
served in two patients (22.2%) and meningitis in one
case (11.1%). The clinical features were fever (n=2),
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headache (n=2), seizures (n=1), and vomiting with ab-
dominal distension (n=1).

The patients’ risk factors are listed in Table 2. Risk
factors included diabetes (n=4, 33.3%), renal trans-
plant (n=1, 11.1%), steroid therapy (n=1, 11.1%),
retroviral disease (n=1, 11.1%), trauma (n=1, 11.1%),
and congenital aqueduct stenosis (n=1, 11.1%).

The yeast isolates included Cryptococcus neofor-
mans (n=1) in meningitis, and Candida tropicalis
(n=1) and Candida parapsilosis (n=1) in VVP shunt in-
fection. C. neoformans was susceptible to fluconazole,
amphotericin B, and flucytosine. Both Candida spp.
were susceptible to fluconazole, voriconazole, caspo-
fungin, micafungin, and amphotericin B.

The molds isolated from brain abscesses included
Cladophialophora bantiana (n=1) (Figs. 1A and B),
Rhizopus arrhizus (n=1) (Figs. 2A and B), Aspergil-
lus flavus (n=2) (Figs. 3A and B), Scedosporium ap-
iospermum (n=1) (Figs. 4A and B), and Chaetomium
lucknowensis (n=1) (Fig. 5). Confirmation of identifi-
cation was performed using MALDI-TOF MS for A.
flavus and R. arrhizus. Rare molds such as S. apio-
spermum, C. bantiana, and C. lucknowensis were con-
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firmed by DNA sequencing of the internal transcribed
spacer (ITS) regions.

The MICs of the mold isolates are given in Table 3.
A. flavus belonged to the wild type based on the ECVs
for the antifungals tested.

Fig. 2. A) Culture of Rhizopus arrhizus on Sabouraud Dex-
trose Agar showing blackish-grey colonies. B) Lactophenol
cotton blue mount of Rhizopus arrhizus showing rhizoids,
long aseptate sporangiophores bearing globose sporangia
and ellipsoidal sporangiospores.

Fig. 1. A) Culture of Cladophialophora bantiana on Sab-
ouraud Dextrose Agar showing olivaceous-grey, suede-like
colonies. B) Lactophenol cotton blue mount of Cladophia-
lophora bantiana with long, sparsely branched one-celled
conidia on undifferentiated pigmented conidiophores.

Table 2. Risk factors of patients with CNS fungal infections

Fig. 3. A) Culture of Aspergillus flavus on Sabouraud Dex-
trose Agar showing granular, flat yellow-green colonies. B)
Lactophenol cotton blue mount of Aspergillus flavus show-
ing hyaline conidiophore with globose-subglobose conidia.

Host status Risk factor No. of patients Percentage
Immunocompromised Diabetes mellitus 2 22.2
(n=5, 55.5%) Diabetes mellitus, renal transplant 1 11.1
Diabetes mellitus on steroid therapy 1 11.1
Retroviral disease 1 11.1
Immunocompetent Trauma 1 11.1
(n=4, 44.4%) Congenital agueduct stenosis 1 111
No identifiable risk factor 2 22.2
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The clinical features of the yeast cases are given in
Table 4, and those of the mold cases in Table 5. Mor-
tality was observed in 4 of 9 patients (44.4%). In 5 of
9 patients (55.5%), the clinical symptoms improved,
and they were discharged in stable condition with ad-
vice to follow up after seven days.

DISCUSSION
There is an increasing incidence of fungal infec-

tions in immunocompromised patients. In tropical
countries like India, the environment is conducive to

Fig. 4. A) Culture of Scedosporium apiospermum on Sab-
ouraud Dextrose Agar showing greyish cottony colonies. B)
Lactophenol cotton blue mount of Scedosporium apiosper-
mum showing hyaline conidiophore bearing single ovoid
unicellular conidia.

Fig. 5. Culture of Chaetomium lucknowensis on Sabouraud
Dextrose Agar showing a greyish colony.

fungal infections (11). The use of immunosuppres-
sive drugs, transplant recipients, malignancy, and
autoimmune diseases are the risk factors of fungal
infections (12). In a cohort study of CNS mold infec-
tions from India, the patients were young adults. The
risk factors were steroid intake in 18.1%, renal trans-
plant in 5.5%, diabetes in 11%, and trauma in 1.6%
of the cases (11). In the present study, the median age
was 38 years, and the risk factors were similar, as
observed in other studies.

Cryptococcus is the predominant etiological agent
of fungal meningitis worldwide (2), resulting in sig-
nificant mortality, especially among patients with
AIDS (13). The case-fatality rate in the United States
is approximately 12% (14). The mortality rate re-
mains high despite antifungal treatment. Diagnosis
may be established using microscopy, culture, and
serology (14). Treatment comprises induction ther-
apy utilizing amphotericin B and flucytosine/fluco-
nazole, followed by consolidation therapy with flu-
conazole (15). In the present study, C. neoformans
was isolated from a patient with de novo retroviral
disease who presented with meningitis. His CD4 lev-
el was 22 cells/uL. The patient received amphoteri-
cin B and fluconazole for seven days but succumbed
during treatment.

Fungal infections of ventriculoperitoneal (VP)
shunts are infrequent, with only a limited number
of cases documented in the literature. Candida spp.
are the most common cause of fungal VP-shunt in-
fections (16), which may result in significant mor-
tality. Infections of VP shunts are more prevalent
in children, with fungi responsible for 17% of these
infections (17). Research conducted in Mumbai re-
vealed that 25% of shunt infections in children were
attributed to Candida spp. (16). Only two instances
of C. parapsilosis VP shunt infections in adults have
been documented; one case resulted from a severe
fall, while the other was associated with sinus sur-
gery and brain abscess drainage (18, 19). Treatment
encompasses shunt replacement and antifungal ther-

Table 3. The minimum inhibitory concentration (MIC) of molds to antifungal agents according to the CLSI protocol

Pathogen MIC (ug/ml)

\oriconazole Itraconazole Posaconazole Amphotericin B Isavuconazole Terbinafine
Apergillus flavus, n=2 0.12,0.12 0.06, 0.06 0.06, 0.03 0.25,05 0.12 -
Rhizopus arrhizus, n=1 - 0.5 0.12 0.25 0.12 -
Scedosporium apiospermum , n=1 0.5 0.5 0.5 0.25 1 0.25
Chaetomium lucknowensis, n=1 0.12 0.25 0.12 0.06 0.25 -
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Table 5. Molds isolated from central nervous system fungal infections

S.  Age Sex Comorbidities  Clinical Site of Microscopy Culture Type of Surgery Antifungal Outcome
No. Features Abscess KOH-Calcofluor Therapy
1. 37 M Nil Seizures, Parietal septate hyphae  Cladophialophora Burr Hole Intravenous Voriconazole 400mg ~ Symptoms subsided, and
hemiparesis bantiana evacuation of the abscess twice daily for 18 days. they were discharged in
stable condition. Death
2 52 M Uncontrolled  Hemiparesis Fronto-parietal Aseptate hyphae Rhizopus arrhizus Burr hole evacuation of the Intravenous Amphotericin B

Diabetes abscess Ultrasound- 250mg once daily for 2 days.

3. 39 M Nil Hemiparesis  Paraspinal septate hyphae  Aspergillus flavus guided aspiration of Intravenous Voriconazole 400mg
paraspinal collection twice daily for 2 days, followed by
Left frontal craniotomy with 200mg twice daily for 12 days
4 37 M Diabetes & Headache, Frontal septate hyphae Scedosporium abscess excision Intravenous voriconazole 200mg

Renal transplant  seizures apiospermum twice daily with intravenous
recipient liposomal amphotericin B 250mg
once daily for 11 days

5. 39 M Diabetes, steroid Fever, Intravenous liposomal

Fronto-parietal ~ septate hyphae  Aspergillus flavus ~ minicraniotomy and excision of

Death

Symptoms subsided, and
they were discharged in
stable condition.

Symptoms subsided, and

therapy headache the abscess amphotericin B 400mg and they were discharged in
intravenous voriconazole stable condition
400mg twice daily for 19 days
6. 44 M  Diabetes mellitus Hemiparesis, Frontal septate hyphae Chaetomium Minicraniotomy with evacuation Intravenous Amphotericin B Death
Headache lucknowensis of the abscess and excision of >50ma ance dailv for 4 davs
the abscess cavity
Table 4. Yeasts isolated from central nervous system fungal infections
S. Age  Sex Comorbidities Clinical Features  Type of Infection Microscopy Culture Antifungal Therapy Outcome
No. Gram stain/India Ink
1. 36 M Retroviral disease ~ Headache, seizures Meningitis India Ink showed ~ Cryptococcus  Injection Amphotericin B 250mg once daily and Death
CD4 count 22 cells/pL encapsulated budding  neoformans  fluconazole 800mg once daily orally for 7 days
yeast cells
2. 7 F Aqueduct stenosis, Fever, vomiting, ~ Ventriculoperitoneal ~ Gram stain showed Candida VP shunt removal with extraventricular drain ~ Symptoms subsided, and
months Hydrocephalus and distension of the  shunt infection, budding yeast cells  parapsilosis placement. discharged
abdomen meningitis Syrup fluconazole 12mg/kg/day for two weeks in stable condition

3. 34 M Post-traumatic Fever, headache  Ventriculoperitoneal ~ Gram stain showed Candida VP shunt removal with extraventricular drain ~ Symptoms subsided, and

hydrocephalus shunt infection, budding yeast cells tropicalis placement and intravenous fluconazole 400mg  they were discharged in

meningitis once daily

stable condition.
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apy according to the etiological agent. Amphotericin
B has demonstrated efficacy in treating shunt infec-
tions (17). In the present study, there were two cases
of VP shunt infections; one from a seven-month-old
baby with congenital hydrocephalus. VP shunt was
inserted; however, due to shunt obstruction and in-
fection, the infant developed meningitis and received
antibiotic treatment. An extraventricular drain (EVD)
was inserted, and the cerebrospinal fluid (CSF) cul-
ture revealed the presence of C. parapsilosis. The
infant received treatment with fluconazole syrup
and was discharged in stable condition. The second
case involved a 33-year-old male with post-traumat-
ic hydrocephalus. The patient sustained a subdural
hematoma following a road traffic accident. Crani-
otomy was performed, after which the patient devel-
oped communicating hydrocephalus, for which a VP
shunt was inserted. The patient underwent effective
treatment involving shunt removal and intravenous
fluconazole administration.

CNS abscess is an uncommon yet potentially fatal
condition. It is a localized infection of the brain pa-
renchyma resulting from inflammation and the accu-
mulation of infected material (6). Fungal abscesses
by molds may occur due to environmental exposure
to fungi (11). In the present study, all patients were
male and aged 30-50 years, and the infection likely
occurred due to outdoor exposure to fungi.

Fungal brain abscess is a serious complication as-
sociated with immunosuppression (20). The mortal-
ity rate ranges from 85% to 100%, as the diagnosis
is often missed antemortem (6). The location of the
abscess is contingent upon the initial source of in-
fection. Direct extension from the sinuses results in
frontal and temporal abscesses, whereas dissemina-
tion from other regions of the body leads to parietal
abscesses (1). The frontal lobe is the most common
site of infection in studies from India (11). In the
present study, there were six cases of CNS abscess.
The abscess locations included two frontoparietal,
two frontal, one parietal, and one paraspinal site.

The clinical features of the infection include fever,
headache, hemiparesis, and seizures (11), similar to
the findings in the present study. These infections
are caused by both hyaline fungi, such as Aspergillus
spp. and Mucorales, as well as dematiaceous fungi,
including Cladophialophora bantiana.

C. bantiana is an uncommon neurotropic fungus
that causes severe infections in both immunocom-
petent and immunocompromised individuals, with
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higher mortality rates in the latter group. In a re-
view of 124 cases, more than 50% of the infections
originated from India (7). According to studies from
India, C. bantiana was the pathogen responsible
for CNS fungal infections in 28-44% of cases (6,
11). Treatment comprises surgical excision in con-
junction with antifungal therapy (7). In the present
study, there was one case of C. bantiana in an im-
munocompetent patient. He had no comorbidities or
identifiable risk factors. The abscess was success-
fully managed with surgical evacuation followed by
voriconazole therapy.

CNS mucormycosis is an invasive infection pre-
dominantly affecting diabetics and is associated with
high mortality. Rhino-orbital cerebral mucormycosis
is the predominant manifestation, with isolated mu-
cormycosis being uncommon. R. arrhizus is the pre-
dominant pathogen responsible for CNS mucormy-
cosis. Treatment comprises surgical debridement and
antifungal therapy to prevent severe complications
and improve patient outcomes (21, 22). In the present
study, R. arrhizus was isolated from a patient with
uncontrolled diabetes and an HbAlc of 14.7. This
was a case of isolated CNS mucormycosis without
any rhino-orbital involvement. The patient under-
went surgical treatment and received amphotericin
B, but unfortunately could not be saved.

Neuroaspergillosis constitutes approximately 5%
of central nervous system infections (23). In immu-
nocompetent individuals, it manifests either by direct
extension from the sinuses or as a result of trauma. In
immunocompromised patients, it arises from hema-
togenous dissemination originating in the lungs (24).
Aspergillus fumigatus is the predominant species re-
sponsible for CNS infections in immunosuppressed
individuals, while A. flavus more commonly affects
immunocompetent individuals (25). In a study from
India, Aspergillus spp. were the predominant molds,
isolated in 56.3% of cases, among which A. flavus
was the most common (11). Surgical excision com-
bined with voriconazole therapy constitutes the pri-
mary treatment for CNS aspergillosis (26). In the
present study, A. flavus was isolated from two cases.
The first case was a paraspinal abscess accompanied
by a cerebral infarct and pulmonary consolidation.
This may represent a case of disseminated aspergil-
losis, though Aspergillus was not isolated from oth-
er sites. The patient succumbed despite antifungal
treatment. In the second case, the patient was a de
novo diabetic and had received steroid therapy and
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intravenous immunoglobulin for one month at an ex-
ternal hospital for post-dengue acute disseminated
encephalomyelitis. The patient underwent effective
treatment with abscess excision and combined thera-
py using amphotericin B and voriconazole.

S. apiospermum is a saprophytic fungus that causes
invasive infections in immunocompromised patients,
often resulting in high mortality. Brain infections
typically arise from pulmonary transmission (27).
There have been reports of S. apiospermum brain
abscess in leukemia (27), renal transplant (28, 29),
and in a case of near-drowning (30). Surgical drain-
age and voriconazole therapy constitute the primary
therapeutic modalities (30). In the present study, S.
apiospermum was isolated from a renal transplant re-
cipient, and the patient was successfully treated with
surgery and voriconazole. The isolate was identified
by slide culture and confirmed by sequencing of the
internal transcribed spacer (ITS) region.

Chaetomium spp. are saprophytic fungi that rarely
cause human infections. There have been reports of
brain abscesses caused by Chaetomium spp. in in-
travenous drug users (31) and in a renal transplant
recipient (32). The fungus poses diagnostic challeng-
es, and there are currently no established manage-
ment methods for treating these infections (33). In
the present study, Chaetomium lucknowensis was
identified by sequencing the internal transcribed
spacer (ITS) region. The patient received treatment
with amphotericin B and underwent surgery but suc-
cumbed within four days post-operation.

The efficacy of antifungal therapy for CNS fun-
gal infections depends upon the drug's capacity to
permeate the CNS. Liposomal amphotericin B, flu-
conazole, and voriconazole have good CNS pen-
etration and can be used for the treatment of these
infections. The contemporary azoles isavuconazole
and posaconazole have insufficient central nervous
system penetration and are not commonly employed
for treating CNS fungal infections (34). In the pres-
ent study, the antifungals evaluated against molds
demonstrated low minimum inhibitory concen-
trations (MICs), ranging from 0.03 to 0.5 pg/mL.
Despite the low in vitro MICs of posaconazole and
isavuconazole, these agents were not used for treat-
ment because of their inadequate penetration, and
most patients instead received azoles and liposomal
amphotericin B.

Effective antifungal therapy combined with sur-
gery, when necessary, constitutes the primary treat-
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ment for CNS fungal infections; yet, due to the in-
vasive characteristics of these fungi, mortality rates
remain high despite intervention (1). Timely diagno-
sis and intervention may mitigate the mortality asso-
ciated with these infections. In the present study, four
patients succumbed despite intervention.

Limitations. Only nine fungal pathogens were
identified during the study period. A longer study
duration will help us better understand the varied
presentations associated with a larger number of fun-
gal pathogens.

CONCLUSION

In the present study, conducted over two years, we
isolated nine fungal pathogens from diverse clinical
presentations associated with significant mortality
rates. This underscores the rarity and severity of the
condition. The clinical features may be non-specif-
ic, which can delay diagnosis, particularly when the
pathogens are rare and not easily identified, poten-
tially leading to severe outcomes. Advanced molecu-
lar diagnostic tests facilitate the identification of rare
fungi and enable targeted antifungal therapy. There-
fore, a high index of clinical suspicion is crucial for
the early identification and appropriate management
of these infections to prevent mortality.

ACKNOWLEDGEMENTS

The authors acknowledge the financial assistance
provided by the Indian Council of Medical Research
(ICMR), New Delhi, under the ICMR-MycoNet Task
Force project.

This study is partially funded by the Indian Coun-
cil of Medical Research (ICMR), New Delhi, under
the ICMR-MycoNet Task Force project.

REFERENCES

1. Raman Sharma R. Fungal infections of the nervous sys-
tem: current perspective and controversies in manage-
ment. Int J Surg 2010; 8: 591-601.

2. Nathan CL, Emmert BE, Nelson E, Berger JR. CNS
fungal infections: A review. J Neurol Sci 2021; 422:

IRAN. J. MICROBIOL. Volume 18 Number 3 (June 2026) 413-421 419


http://ijm.tums.ac.ir/

SUKANYA SUDHAHARAN ETAL.

10.

11.

12.

13.

14.

15.

16.

420

117325.

Lino R, Guimardes AR, Sousa E, Azevedo M, Santos
L. Emerging Fungal Infections of the Central Nervous
System in the Past Decade: A Literature Review. Infect
Dis Rep 2024; 16: 952-976.

Tian YR, Chen XY, Wang JX, Guan M. Pathogenic
spectrum and laboratory indicators of fungal infections
in the central nervous system. Zhonghua Yu Fang Yi
Xue Za Zhi 2022; 56: 250-255.

Masouris I, Klein M, Schichor C, Stemmler J, Koedel
U, Pfister HW. Clinical, diagnostic, and therapeutic
challenges in CNS fungal infections: a single-center
retrospective data analysis. J Neurol 2025; 272: 214.

P K, Raj P, Jabeen S, Bn N, Hb V, Kvl NR, et al. Clini-
comycological overview of brain abscess in a tertiary
care center: A 38 year retrospection: Fungal brain ab-
scess. J Mycol Med 2021; 31: 101156.

Chakrabarti A, Kaur H, Rudramurthy SM, Appan-
nanavar SB, Patel A, Mukherjee KK, et al. Brain ab-
scess due to Cladophialophora bantiana: a review of
124 cases. Med Mycol 2016; 54: 111-119.

Clinical and Laboratory Standards Institute. Perfor-
mance standards for antifungal susceptibility testing of
yeasts. 3rd ed. CLSI supplement M27/M44S. Wayne,
PA: CLSI; 2022.

Clinical and Laboratory Standards Institute. Reference
method for broth dilution antifungal susceptibility test-
ing of filamentous fungi. 3rd ed. CLSI document M38.
Wayne, PA: CLSI; 2017.

Clinical and Laboratory Standards Institute. Epidemi-
ological cutoff values for antifungal susceptibility test-
ing. 4th ed. CLSI supplement M57S. Wayne, PA: CLSI;
2022.

Kaur H, Rudramurthy SM, Kanaujia R, Ahmad H,
Salunke P, Bansal D, et al. Invasive mould infections
of the central nervous system in the Indian popula-
tion: a cohort study (2004-2025). Lancet Reg Health
Southeast Asia 2026; 46: 100736.

Maschmeyer G, Patterson TF. New immunosuppres-
sive agents and risk for invasive fungal infections. Curr
Infect Dis Rep 2009;11:435-438.

McHale TC, Boulware DR, Kasibante J, Ssebambu-
lidde K, Skipper CP, Abassi M. Diagnosis and man-
agement of cryptococcal meningitis in HIV-infected
adults. Clin Microbiol Rev 2023; 36(4): e0015622.
Qureshi ZA, Ghazanfar H, Altaf F, Ghazanfar A,
Hasan KZ, Kandhi S, et al. Cryptococcosis and Cryp-
tococcal Meningitis: A Narrative Review and the Up-
to-Date Management Approach. Cureus 2024; 16:
€55498.

Abassi M, Boulware DR, Rhein J. Cryptococcal Men-
ingitis: Diagnosis and Management Update. Curr Trop
Med Rep 2015; 2: 90-99.

Baradkar VP, Mathur M, Sonavane A, Kumar S.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

IRAN. J. MICROBIOL. Volume 18 Number 3 (June 2026) 413-421

Candidal infections of ventriculoperitoneal shunts. J
Pediatr Neurosci 2009; 4: 73-75.

Chiou CC, Wong TT, Lin HH, Hwang B, Tang RB,
Wu KG, et al. Fungal infection of ventriculoperitoneal
shunts in children. Clin Infect Dis 1994; 19:1049-1053.
Fadel H, Moon SJ, Klinger NV, Chamiraju P, Eltahawy
HA, Moisi MD, et al. Candida parapsilosis Infection of
Ventriculoperitoneal Shunt in Adult: Case Report and
Literature Review. World Neurosurg 2018; 119: 290-
293.

Bagheri F, Cervellione KL, Maruf M, Marino W, San-
tucci T Jr. Candida parapsilosis meningitis associat-
ed with shunt infection in an adult male. Clin Neurol
Neurosurg 2010; 112: 248-251.

Baddley JW, Salzman D, Pappas PG. Fungal brain ab-
scess in transplant recipients: epidemiologic, microbi-
ologic, and clinical features. Clin Transplant 2002; 16:
419-424.

Chamdine O, Gaur AH, Broniscer A. Effective treat-
ment of cerebral mucormycosis associated with brain
surgery. Pediatr Infect Dis J 2015; 34: 542-543.

Doub JB, Greenfield A, Bailey J, Wessell AP, Olexa
J, Sansur CA. A unique case of Rhizopus oryzae brain
abscess treated with intracavitary amphotericin. Br J
Neurosurg 2023; 37: 1281-1284.

Siddiqui AA, Shah AA, Bashir SH. Craniocerebral
aspergillosis of sinonasal origin in immunocompetent
patients: Clinical spectrum and outcome in 25 cases.
Neurosurgery 2004; 55: 602-611.

Miceli MH. Central Nervous System Infections Due to
Aspergillus and Other Hyaline Molds. J Fungi (Basel)
2019; 5: 79.

Sagar T, Sheoran L, Prajapati A, Khuraijam B, Jana PP,
Pandey PN, et al. Aspergillus fumigatus cerebral ab-
scess following hemodialysis: A case report. Curr Med
Mycol 2022; 8: 32-36.

Ullmann AJ, Aguado JM, Arikan-Akdagli S, Denning
DW, Groll AH, Lagrou K, et al. Diagnosis and man-
agement of Aspergillus diseases: executive summary
of the 2017 ESCMID-ECMM-ERS guideline. Clin
Microbiol Infect 2018; 24(Suppl 1): el-e38.

Dalmazzo M, Padrini M, Camerlo S, Rosati G, Busa-
na TT, Nicoli P, et al. Scedosporium Brain Abscess: A
Rare and Fatal Drawback of Bruton Tyrosine Kinase
Inhibitor Therapy. J Hematol 2024; 13: 224-228.
Sharma A, Singh D. Scedosporium apiospermum caus-
ing brain abscess in a renal allograft recipient. Saudi J
Kidney Dis Transpl 2015; 26: 1253-1256.
Torres-Sanchez MJ, Hernandez-Garcia E, Gémez-San-
chez J, Palomares-Bayo M, Pefia-Ortega M, Galin-
do-Sacristan P, et al. Severe Scedosporium apiosper-
mum Infection in a Recent Renal Transplant Recipient:
Case Report. Transplant Proc 2018; 50: 683-684.
Signore SC, Dohm CP, Schiitze G, Badhr M, Kermer P.

http://ijm.tums.ac.ir


http://ijm.tums.ac.ir/

3L

32.

http://ijm.tums.ac.ir

Scedosporium apiospermum brain abscesses in a pa-
tient after near-drowning - a case report with 10-year
follow-up and a review of the literature. Med Mycol
Case Rep 2017; 17: 17-19.

Abbott SP, Sigler L, McAleer R, McGough DA, Rinal-
di MG, Mizell G. Fatal cerebral mycoses caused by the
ascomycete Chaetomium strumarium. J Clin Microbiol
1995; 33: 2692-2698.

Anandi V, John TJ, Walter A, Shastry JC, Lalitha MK,
Padhye AA, et al. Cerebral phaeohyphomycosis caused

33.

34.

IRAN. J. MICROBIOL. Volume 18 Number 3 (June 2026) 413-421

CENTRAL NERVOUS SYSTEM MYCOSES

by Chaetomium globosum in a renal transplant recipi-
ent. J Clin Microbiol 1989; 27: 2226-2229.

Gade N, Nag S, Prathipati KK, Mishra M, Shete V.
Chaetomium globosum: Spotting a scarce saprophyte
in bacterial-fungal co-infection of the sinuses in a post-
COVID-19 patient. Med Mycol Case Rep 2023; 43:
100618.

Ashley ED. Antifungal Drugs: Special Problems
Treating Central Nervous System Infections. J Fungi
(Basel) 2019; 5: 97.

421


http://ijm.tums.ac.ir/

