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Background: Central nervous system fungal infections (CNSFI) are
seen in patients with hematologic malignancies and have high
morbidity and mortality. Because of their rarity, there is limited
data on CNSFI in children with no established treatment protocols
or guidelines.

Materials and Methods: In this multicenter retrospective study, 51
pediatric patients with leukemia, 6 of whom had undergone bone
marrow transplantation, with proven or probable CNSFI were
evaluated. Fungal infections were defined as proven or probable
based on European Organisation for Research and Treatment of
Cancer criteria. Proven CNSFI was diagnosed by appropriate central

nervous system (CNS) imaging or tissue sample findings in combi-
nation with positive microbiological results of cerebrospinal fluid. A
positive culture, microscopic evidence of hyphae, a positive result of
the galactomannan assays are defined as positive microbiological
evidence. Probable CNSFI was defined as appropriate CNS imaging
findings together with proven or probable invasive fungal infections at
another focus without CNS when there is no other explanatory
condition. Data was collected by using the questionnaire form
(Supplemental Digital Content 1, http://links.lww.com/JPHO/A541).

Results: Seventeen patients had proven, 34 patients had probable
CNSFI. Headaches and seizures were the most common clinical
findings. The median time between the onset of fever and diagnosis
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was 5 days. The most common fungal agent identified was Asper-
gillus. Sixteen patients received single-agent, 35 received combina-
tion antifungal therapy. Surgery was performed in 23 patients.
Twenty-two patients (43%) died, 29 of the CNSFI episodes recov-
ered with a 20% neurological sequelae.

Conclusion: CNSFIs should be considered in the differential
diagnosis in patients with leukemia and refractory/recurrent
fever, headache, neurologicalocular symptoms, and a radiologic-
serological evaluation should be performed immediately. Early
diagnosis and prompt management, both medical and surgical, are
essential for improving clinical outcomes.

Key Words: central nervous system, fungal infections, leukemia,
pediatrics

(J Pediatr Hematol Oncol 2022;44:e1039–e1045)

I nvasive fungal infections (IFI) may occur in immuno-
compromised patients receiving immunosuppressive ther-

apy, such as hematologic malignancy, solid organ, and bone
marrow transplantation (BMT), or primary immunodefi-
ciency syndromes.1 With the development of intensive
treatment protocols in childhood cancers, treatment-related
side effects are also increasing. Invasive fungal infections,
and especially central nervous system fungal infections
(CNSFI), are a significant cause of mortality and morbidity
in patients with hematologic malignancies.2 Because of its
rarity, there is limited data on CNSFI in children with no
established treatment protocols or guidelines. Mainly case
reports and small case series were reported in the literature.
The aim of this multicenter study was to evaluate the
demographic, clinical, and laboratory characteristics, diag-
nostic and treatment methods, and survival rates of CNSFI
in children with leukemia.

MATERIALS AND METHODS
A questionnaire (Supplementla Digital Content 1, http://

links.lww.com/JPHO/A541) consisting of age, sex, diagnosis of
primary disease and the stage at which the fungal infection
developed, treatment protocol, use of central venous catheter,
potential environmental risk factors, clinical findings, duration
of fever, duration and severity of neutropenia, galactomannan
(GM) in blood and cerebrospinal fluid (CSF), culture results
(blood, urine, and cultures from lesions), time between the first
day of febrile neutropenic episode and CNSFI diagnosis, cra-
nial magnetic resonance imaging (MRI)/computerized
tomography (CT) findings, the presence of concomitant IFI,
prophylactic or empiric antifungal use, use of granulocyte
suspensions, intensive care unit (ICU) support, surgical inter-
ventions, follow-up status, and neurological sequelae of
patients was used to collect data retrospectively. Invasive fun-
gal infections were diagnosed based on European Organisation
for Research and Treatment of Cancer criteria.3 Patients with
proven or probable IFI and the ones with a positive diagnostic
imaging and/or microbiological evidence of CNSFI were
included in the study. Patients with leukemia with CNSFI were
enrolled into the study from 23 pediatric hematology/oncology
centers in Turkey, between 2005 and 2015.

RESULTS
Data of 51 patients (21 female, 30 male) diagnosed

with leukemia and CNSFI from 23 centers were evaluated.
The demographic characteristics of patients and the under-
lying hematologic diseases are shown in Table 1. Six

patients had undergone BMT. The median age was 7 years
(20 mo to 18 y). The characteristics of CNSFI episodes are
shown in Table 2. It has been demonstrated that there was a
concomitant construction in the hospitals in 16 episodes
(32%). The most frequent neurological findings were seizure,
headache, ophthalmologic problems, cranial nerve involve-
ment, and tremor. Sex, age, and the final status of the
patients included in the study were evaluated, mortality was
42% in females and 45% in males, with no statistically
significant difference (P> 0.05).

Diagnostic tests and results are shown in Table 3.
Blood and urine cultures were obtained from all of the cases.
In 5 cases microbiological evidence of fungi was observed in
blood cultures. These were Candida albicans in 4, Candida
krusei in 1. In 10 patients CSF cultures were obtained,
Geotrichum capitatum was observed in one case and
C. albicans in another case. Cultures from blood or CSF
were never positive in patients with mold infections. In
17 patients tissue specimen from the brain lesions/abscess
was obtained surgically for pathology and microbiological
evaluation. In 14 of these cases, microbiological evidence of
fungi was observed: Aspergillus spp. in 7, Candida spp. in 2,
mucormycosis in 2, and other fungi in 3 (Table 3).

According to European Organisation for Research and
Treatment of Cancer criteria,3 17 patients (33%) had pro-
ven, and 34 patients (67%) had probable CNSFI. In a
patient in whom there was IFI of the lung, bronchoalveolar
lavage specimen revealed C. krusei. In 6 additional patients,
pathology reported the presence of hyphae (Table 3). GM
was found to be positive at least twice in serum in
27 patients, and in CSF in 2 patients.

MRI was performed in all of the patients and the
imaging findings are shown in Table 3. In the MRI,
20 patients had a single lesion, whereas 31 had multiple
lesions in the brain parenchyma. The lesions were in the
form of brain abscess in 18 patients. In all patients, thorax
CT and abdominal ultrasound were performed. Twenty-
eight (56%) patients had radiologic evidence of IFI in
additional sites other than the brain (lung involvement in
28, hepatosplenic involvement in 5, paranasal in 9, and renal
involvement in 1 patient) (Table 2).

All patients were receiving broad-spectrum antibiotics
because of febrile neutropenia and some were receiving empiric
antifungals because of prolonged neutropenic fever when they
were diagnosed with CNSFI. Treatment modalities and results
are summarized in Table 4. Sixteen patients (32%) received a
single antifungal agent (voriconazole, liposomal amphotericin).
Thirty-five of the patients (68%) were treated with the combi-
nation of antifungal agents (liposomal amphotericin, vor-
iconazole, caspofungin, and posaconazole). Surgery was per-
formed in 23 patients. Forty-one patients had central venous
catheters. Granulocyte suspension was used in 8 patients, 28
patients were monitored in the ICU and extracorporeal mem-
brane oxygenation was used in 1 patient. All these patients
needed ICU follow-up because of CNSFI. In this study,
22 patients (43%) died. Twelve of these 22 patients were in
remission and 10 were not in remission. Three of 10 who were
not in remission had refractory disease. The other 7 patients
were newly diagnosed leukemia patients receiving induction
therapy. All patients died while diagnosed with CNSFI. Seven
of the 22 patients who died had undergone surgical procedures.
The survival of the patients according to surgery and disease is
shown in Table 4.

In 2 patients with central nervous system (CNS)
involvement at the time of diagnosis, 1 recovered with
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sequelae and 1 died. There were no statistically significant
numbers of patients to compare. In patients diagnosed with
invasive fungal infection, blood GM positivity did not have
a significant effect related to the end state (P> 0.05). No
significant difference was found between taking antifungal
prophylaxis before diagnosis of the disease on mortality and
sequelae (P> 0.05). There was no significant difference in
mortality and sequelae between those who underwent sur-
gery and those who did not (P> 0.05). Also, there was no
significant difference in time to count recovery from diag-
nosis of CNSFI in those who had surgery versus who did
not (P> 0.05). The effect of combined antifungal therapy on
mortality could not be demonstrated. However, a significant
relationship was found between the remission status of the
primary disease at the time of diagnosis and mortality
(P< 0.05). Significantly higher mortality was found in
patients who were not in remission with primary disease
(Table 5).

DISCUSSION
Despite advances in diagnosis and treatment, IFIs are a

significant cause of morbidity and mortality, especially in
patients with hematologic malignancies.4,5 The incidence of
IFI in patients with hematologic malignancies is reported to
be between 3.5% and 23.4% in different studies.5–8 The
mortality is reported to be as high as 21% to 48%.5,9,10

CNSFI are rare and even in multicenter studies, the number
of patients is not high. Its frequency among all IFIs has been
reported as 1.4%.11 One of the largest series of fungal
infections in the literature has 89 cases enrolled, of which
only 23 cases were pediatric (26%).12 Studies enrolling only
children have a very limited number of patients. Dotis et al13

reported the results of 90 children with CNS aspergillosis, of
whom 45% had leukemia. The present study differs from the
literature by having the largest number of children with
leukemia and CNSFI. The number of reported CNSFI cases
at each center in this study in 10 years is a maximum of 9 per
center. In a study which enrolled both adult and pediatric
patients from 34 centers, the number of patients per center
was reported to be <1.12

In this study, CNSFI is more common in males as
reported in the literature. Although it might be because of a
higher rate of childhood leukemia in males.14 Risk factors
for IFI include the type of underlying malignancy, remission
status, duration and severity of neutropenia, and use of
central venous catheters. Patients with acute myeloid leu-
kemia are more prone to fungal infections. However, as
more than 80% of all leukemias detected in childhood are
acute lymphoblastic leukemia (ALL), and CNSFI occurs
mostly in ALL cases as in our study15 and mostly during
induction treatment.16 Candoni et al12 reported that CNSFI
was more common in patients with ALL and in relapsed/
refractory patients, 74% of the patients were neutropenic. In
our study, most episodes (66%) occurred during the early
intensification phase of the BFM ALL protocol. Neutrophil
counts were <500/mm3 in 96% of neutropenic episodes,
most patients had severe and prolonged neutropenia, and
13/51 of the patients were not in remission. Environmental
factors and cultural habits may contribute to the develop-
ment of fungal infection.17 In particular, construction works
in hospitals produce airborne fungal spores and consid-
erably increase the risk of exposure of hemato-oncologic
patients.18 In our cohort, construction work was reported in
16 cases, and incense use was reported in 1 case.

The most common clinical finding of IFI is fever.
Invasive fungal infections should be considered in neu-
tropenic cases with persistent fever despite antibiotics. The
early signs of CNSFI may be very subtle, which delays the

TABLE 1. Characteristics of Patients

Patients N (%)

Number
Age (y) 51 (100)
Median (range) 7 (20 mo-18 y)
< 2 2
> 2 49

Sex
Female 21 (41)
Male 30 (59)

Primary disease
Acute lymphoblastic leukemia 42 (82.3)
First diagnosis 30
Relapsed/refractory 12
Acute myeloblastic leukemia 3 (5.8)
Other (bone marrow transplant patients) 6 (11.7)
Thalassemia major 1
Chronic myeloid leukemia 1
Aplastic anemia 2
Acute lymphoblastic leukemia 2

TABLE 2. Characteristics of IFI Episodes

Characteristics Patient (n= 51), N (%)

Risk factors
Use of catheter 41 (82)
Construction work 16 (32)
Use of incense 1 (2)

Use of prophylactic antifungal drug 16 (31)
Fluconazole 14
Itraconazole 1
Posaconazole 1

Neutrophil count
Median (range) 80 (0-1550)/mm3

< 100/mm3 27 episodes
Duration of neutropenia
Median (range) 13 (3-35)/day
> 10 days 30

Duration of fever 15 (1-60)/day
Median (range) 9
> 10 days 11

Time between fever and diagnosis
Median (range)/day 5 (6 h-22 d)

Clinical findings
Neurological findings

Seizure 32 (62)
Headache 25 (49)
Optical problems 14 (27)
Tremor 5 (10)
Cranial nerve involvement 5 (10)

Other
Fever 51 (100)
Nasal congestion 9 (18)
Skin/nail lesions 8 (16)
Miyalgia 5 (10)

Concomitant IFI of other sites
Lung involvement 28
Paranasal 9 (18)
Hepatosplenic involvement 5 (10)
Renal 1 (2)

IFI indicates invasive fungal infection.
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diagnosis. In our patients, the most frequent neurological
findings were seizure, headache, ophthalmologic problems,
personality changes, fine tremors in the hands, nasal con-
gestion, and myalgia. The presence of CNS-specific neuro-
logical symptoms such as convulsions and headaches are
often indicative of advanced disease.19 In our series, 21 of 32
patients with reported seizures have died. A neurological
examination should be done daily in all patients with
malignancy and fever.

Although advances in laboratory and radiology tech-
niques have led to more efficient and earlier recognition of
fungal infections recently, diagnosis is still difficult. Serum
GM level is a supporting finding in the early diagnosis of
invasive aspergillus infections. The sensitivity and specificity
are reported as 82% (73% to 90%) and 81% (72% to 90%),
respectively.20 Serum GM levels could be evaluated in

37 patients and were found positive in 27. In 14 of these
patients, the fungal agents were also isolated in surgical tis-
sue samples. The role and standard range of GM in non-
blood samples are still controversial. Although the role of a
positive CSF GM test in diagnosis is limited, it may help in
the early diagnosis and therapy.21 However, the clinical state
of patients with CNSFI is not always stable for a lumbar
puncture. In our series, only 2 patients were evaluated for
GM in the CSF and both were found to be positive.

Cranial CT/MRI is the most important imaging
modality in the diagnosis of CNSFI. Imaging findings may
be categorized as parenchymal (abscess, granulomas, cere-
britis), vascular (vasculitis), and extra-axial (meningitis).22,23

Necrotizing angiitis, thrombosis, and infarcts may develop
because of fungal obstruction of the medium-large vessels.24

Hemorrhagic infarcts can also cause septic infarction and
cerebritis-abscesses.23 In our study, a radiologic examina-
tion was performed in all patients. All had an MRI, some
with an additional CT scan. Parenchymal involvement was
the most common finding. Only some series in the literature
have reported detailed radiologic findings. In the limited
series in the literature that have reported radiologic findings,
most reported parenchymal abscess.13,19,25–29 In this study,
18 patients (of which 12 had aspergillus) had a radio-
logically visualized abscess.

In patients with IFI, the infectious agent usually
reaches the brain hematogenously.30 Candida, cryptococ-
coses, and especially Aspergillus are the most common
agents affecting the CNS.22 However, less common fungi
should also be considered in the differential diagnosis. Some
fungi are considered endemic in some geographical
regions.17 Aspergillus was the most frequently isolated agent
in our series followed by Candida spp. However, rare fungal
agents such as mucormycosis, Saprocheata clavirata, Tri-
coderma longibrachitum, and Harzianum were also detected
in our series. CNSFI may be accompanied by the involve-
ment of other organs, most commonly the lungs, followed
by paranasal sinuses (PSs) and skin.4,15,16 CNSFI was most
commonly accompanied by lung involvement, followed by
paranasal IFI in our patients. In our recently published
study, in 40 children with leukemia and hepatosplenic fun-
gal infection, 57% were accompanied by fungal infection in
other regions, most commonly the lungs.31

TABLE 3. Diagnostic Procedures

Positive Result/Done
(%)

Positive culture 22/51 (43.1)
Brain tissue 14/17 (82.3)

Aspergillus spp. 7 (50)
A. flavus 4 (28.5)
A. niger 1 (7.1)
A. fumigatus 1 (7.1)
Other 1 (7.1)

Candida spp. 2 (14.2)
C. albicans 2

Mucor 2 (14.2)
Others 3 (21.4)
Saprocheata clavirata 1
Tricoderma longibrachitum 1
Tricoderma harzianum 1

Blood 5/51 (10)
C. krusei 1
C. albicans 4

CSF 2/10 (20)
Geotrichum capitatum 1
C. albicans 1

Bronchi 1/3 (33)
C. krusei 1

Hyphae 6
CSF 2
Broncoalveolar lavage 2
Brain tissue 2

Galactomannan antigen positivity 29/39 (74.3)
In serum 27/37 (72.9)
In CSF 2/2

CSF findings 8/10 (80)
Increased protein 9/10
Increased cell (PNL) 3/10

Imaging (MRI/CT)
Number of lesions

Single lesion 20 (39.2)
More than one lesion 31 (60.8)

Location of lesions
Leptomeningeal enhancement 7 (13.7)
Ekstraaxial (sinonasal, skull base) 9 (17.6))
Parenchymal lesion 51 (100)
Brain abscess 18 (35.2)
Others (granuloma, infarct and

cerebritis)
8 (15.6)

Vascular involvement 3 (5.8)

CSF indicates cerebrospinal fluid; CT, computed tomography; MRI,
magnetic resonance imaging; PNL, polymorphonuclear leukocyte.

TABLE 4. Treatment Characteristics of the Patients and Outcome

Type of Therapy Patients (n= 51), N (%)

Monotherapy 16 (32)
Voriconazole 3
AmB 13

Combined therapy 35 (68)
AmB+ vori 22
AmB+ caspo 4
Amp B+posa 4
Vori+caspo 1
> 2 antifungal agents* 4

Surgery† 23 (45)
Surviving with sequale 10 (20)
Without sequale 19 (38)
Exitus 22 (43)

AmB indicates liposomal amphotericine B; vori, voriconazole; caspo,
caspofungin; posa, posaconasol.

*Including micafungin, anidulafungin and 5 flucytosine.
†Extraventricular drainage in 2 patients.
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Thirty-one percent of our patients who developed
CNSFI were receiving antifungal prophylaxis. We could not
find any data in the literature on whether antifungal pro-
phylaxis used in patients with high-risk hematologic malig-
nancy or BMT prevented especially CNSFI.

The current antifungal agents for IFI contain polyenes
such as amphotericin B (AmB), liposomal amphotericin B
(L AmB), flucytosine, triazoles such as fluconazole, itraco-
nazole, voriconazole, posaconazole, and isavuconazole; and
echinocandins like caspofungin, micafungin, and
anidulafungin.32 Amphotericin B has been used in the
treatment of IFI since 1956, and new antifungals have been
in use for the last 20 years.33 Despite these new antifungal
drugs, mortality is still high. Mortality rates in case series
are higher compared with case reports (71% vs. 38%).13

Invasive fungal infections of the CNS are difficult to treat
especially in immunocompromised patients. The dis-
tribution of antifungal drugs in CSF varies.34 Amphotericin
B, the echinocandins, itraconazole, and posaconazole have
limited CNS penetration. Fluconazole and 5-fluorocytosine
penetrate well into the CNS but have a narrow spectrum.
Voriconazole is well distributed in the CSF and is reported
as the first-line therapy for especially CNS aspergillosis.35

However, AmB/L AmB is the first-line agent for the
treatment of mucormycosis.27,36

In high-risk patients, IFI should be considered in cases
of persistent fever, and empirical antifungal therapy should
be initiated. Modifications are made according to laboratory
findings or the focus of infection. Empirical antifungal
treatment was initiated in all of our patients, most com-
monly L AmB. At the time of CNSFI diagnosis, 72% of our
patients were receiving empirical antifungal treatment.
Voriconazole was added if the patient deteriorated clinical
findings indicated aspergillus. When Candida infection was
considered, echinocandins were added. Combination or
sequential treatments have been reported in series in the
literature.37 As there are no randomized studies, there is no
evidence to support combination antifungal therapy in
CNSFI, however, most of these patients are clinically in
very poor conditions and have a high risk of mortality and
have been treated by combination antifungal agents. In our
series, 69% were treated by combination antifungal agents.
Although local (intralesional, intrathecal) antifungal ther-
apy is rarely used in CNSFI, its efficacy is questionable. In
the literature, there are cases where Amb B is administered
intrathecally with systemic treatment and reported to con-
tribute to outcome.38,39 However, it has been reported that
this should only be applied to selected cases because it is not
included in the guidelines and may cause morbidity. In our
series, 2 patients received intrathecal Amp B in addition to

systemic treatment, however, both patients died because the
infection could not be controlled.

Information on the optimal duration of antifungal
therapy is inconclusive. It has been recommended that
antifungal treatment should continue as long as immuno-
suppressive therapy continues in patients with documented
IFI.40 Antifungal treatment was continued in our patients
during the immunosuppressive treatment. The median
duration of antifungal treatment was 159 days (range:
30 to 730).

The role of granulocyte transfusions in IFI is unclear.
A review concluded that there is insufficient evidence to
determine whether it affects mortality.41 In our series,
8 patients received granulocyte transfusion, 5 of whom died.
It has been stated in the literature that IFI increase the need
for intensive care in immunosuppressive patients.42 In our
series, 25 patients (48%) needed intensive care. Twelve of
these patients died despite all supportive treatment, 3 of
whom had refractory/progressive leukemia.

Surgical debridement of infected tissue in the PS or
brain abscesses is recommended.43 Approximately 10% of
CNSFI may require surgical intervention. Because of the
location of the lesion, surgery may not always be possible.16

In fungal lesions of the PS, surgical intervention has been
reported in about 30% of the cases.12,13 In our study, sur-
gical intervention for the CNS lesion was done in 45% of the
cases. Surgical intervention has been reported to cause a
2-fold reduction in mortality, especially in aspergillus cases.
Four cases required more than 12–4 surgical procedure.
Complications such as bleeding and infections may occur
after surgery. In our series, 7 patients (30.4%), who under-
went surgery died because of the progression of the primary
disease. There were no deaths because of complications of
surgery.

CNSFI has a poor prognosis with ∼70% mortality,13

surgical treatment has been reported as an important
prognostic factor.13 We believe the surgical interventions in
this study contributed to the success of the treatment. In our
study, 22 patients (43%) died; 57% of the CNSFI episodes
recovered, 10 patients (19.6%) with neurological sequelae.
Our study contains the largest number of children with
hematologic malignancies and CNSFI in the literature. All
of the patients with neurological sequelae had convulsions
during the diagnosis of CNSFI except for 1 patient, and
status epilepticus was observed in 1 patient. There was no
cerebral bleeding in patients with neurological sequelae.
Only 6 of them had surgery. In patients without neuro-
logical sequelae, at least 1 neurological symptom was
observed during the diagnosis of CNS IFI. Lauten et al 44

reported that 46% of 29 pediatric patients developed severe
neurological sequelae. This rate is quite high compared with
our study, although the diagnosis of the disease is similar.
The majority of the patients had leukemia and the number
of adolescents was significantly higher. We think that the
low rate in our study may be because of our lower number
of adolescent patients (n= 20).

Potential limitations of the study include the following:
since there is no data on the incidence of leukemia in each
center, the frequency of CNSFI could not be determined for
the whole group. In this study, 9 of the 51 cases with
CNSFI, were diagnosed and treated at one center (Istanbul
University-Cerrahpasa [IUC]); over the study period, in the
IUC, of 207 children with leukemia, there were 350 episodes
with febrile neutropenia, 109 episodes were with prolonged
neutropenia and fever (> 7 d), all of whom had imaging

TABLE 5. Relationship of Surgery and Disease Remission With the
End State

Exitus,
N (%)

With
Sequel,
N (%)

Without
Sequel,
N (%)

Total,
N (%)

Primary disease status
Remission 12 (31.5) 9 (24) 17 (44.5) 38 (100)
Nonremission 10 (76.9) 1 (7.7) 2 (15.4) 13 (100)

Surgery
Yes 7 (30) 7 (30) 9 (40) 23 (100)
No 15 (53) 3 (11) 10 (36) 28 (100)
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done and in 9/109 (9%) there were radiologic findings sug-
gestive of CNSFI. Environmental factors in this multicentric
study were not similar in all centers based on the retro-
spective evaluation of the cases. As stated in the results
section some centers had a lot of construction which is
reported to be a risk factor for fungal infections.45 In some
centers serum GM testing could not be done routinely. We
cannot conclude whether monotherapy or combination
antifungal treatment should be used in CNSFI. However,
the spectrum of fungal agents detected in our study,
including rare species suggest that antifungals with a large
spectrum and a high penetration to the CNS should
be recommended. Also, there were no standard surgery
procedures because of the multicentric approach.

In conclusion, CNSFI is rare, and causes high mor-
tality and morbidity. Early diagnosis and prompt treatment,
both medical and surgical, are essential to improve clinical
outcomes. The physician should be vigilant about ambig-
uous complaints and signs in the physical examination. In
case of persistent or recurring fever with ambiguous symp-
toms such as headache, neurologicalocular findings, CNSFI
should be considered in the differential diagnosis, and
radiologic-serologic evaluation should be promptly per-
formed. The most important observation from this study is
patients with CNSFI can present with seizures, headache,
and visual symptoms which need prompt evaluation.
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