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Candida infections of the central nervous system (CNS) are rare. We report a case of Candida glabrata meningitis
successfully treated with combination antifungal therapy followed by step-down therapy with fluconazole. New-
onset hypercalcaemia, an uncommon side effect of the prolonged fluconazole treatment, prompted early treat-
ment cessation. A negative cerebrospinal fluid (CSF) p-d-glucan supported the decision of treatment cessation
despite incomplete resolution of CSF biochemical parameters. No disease relapse was encountered after 2 years

1. Introduction

Candida infection of the central nervous system (CNS) is an un-
common manifestation of invasive candidiasis, with Candida albicans
being the most commonly identified species [1,2]. The populations most
at risk are low birth weight neonates, patients with CNS ventriculos-
tomies, or immunocompromised hosts [3,4]. Due to the rarity of these
infections, no randomised controlled trials exist to evaluate the appro-
priate choice and duration of antifungal treatment. Current guidance
recommends antifungal treatment until resolution of all radiological
abnormalities and biochemical parameters in the cerebrospinal fluid
(CSF), as microbiological relapse is not uncommon [4]. While various
biochemical parameters, including CSF f-d-glucan, have been utilised as
a marker of fungal disease, the role of such biomarkers in guiding
treatment is still unclear [3,5]. We present a case of Candida glabrata
meningitis successfully treated with fluconazole therapy, in which
negative CSF f-d-glucan was used as a marker for treatment cessation
despite persistence of other CSF biochemical abnormalities. The patient
was followed up for more than 2 years post-treatment without clinical
evidence of relapse.

2. Case presentation

An elderly Singaporean Chinese female presented to our institution
with a 1-week history of fever. She has been a nursing home resident
since suffering a debilitating hemorrhagic stroke 2 years ago, for which
she underwent a right frontotemporal lobectomy and decompressive
craniectomy. No intracranial device or prosthetic material was inserted.
At baseline, the patient was bedbound and minimally communicative,
with a temperature of 38.5° Celsius on admission. No obvious CNS signs
were elicited but on examination, an infected right heel ulcer was
detected. Despite empirical antibiotics, the infected ulcer worsened with
spreading cellulitis complicated by an underlying osteomyelitis and an
above-knee amputation was performed under spinal anaesthesia. During
the administration of spinal anaesthesia, the anaesthetist observed that
the cerebrospinal fluid (CSF) appeared cloudy. Due to the suspicion of
infection, CSF specimens were sent off for culture. Gram stain performed
on the culture showed 2+ growth of blastoconidia; cultures grew heavy
growth of Candida glabrata. Antifungal susceptibilities were tested for
the isolate, with the following results: minimum inhibitory concentra-
tions (MIC) for amphotericin B = 0.5 mg/L; 5-flucytosine<=0.06; flu-
conazole = 2 mg/L. The initial CSF specimen at day 0 (DO) had a protein
level of 2.60 g/L; a glucose level of 0.2 mmol/L; and a cell count of 9000
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cellsymm3 (neutrophil percentage: 80%) (Fig. 1). Blood cultures on
admission were negative.

The patient was started on intravenous liposomal amphotericin B
(Ambisome) on D1 of treatment at a dose of 5 mg/kg, as well as oral
flucytosine at a dose of 25 mg/kg 4 times daily, for 2 weeks. An
abdominal and pelvic computed tomography scan (CT-scan) was per-
formed to search for potential sources; the scan showed a severe left
hydroureteronephrosis arising from a persistent stricture at the left
vesicoureteric junction, with patchy areas of hypoenhancement in the
right kidney suggestive of focal right pyelonephritis. While urine cul-
tures on this admission were negative, urine specimens in previous ad-
missions had mixed growth of Candida. Prior to this admission, the
patient had not received any antifungal treatment nor had any
indwelling urinary catheter inserted.

At D7 and D14 of treatment, CSF cultures were both sterile with
improvement in biochemical parameters (glycorrhachia and CSF pro-
tein) on D14. The CSF sample at D14 was sent to an external institution
for qualitative p-d-glucan testing, using a commercially available diag-
nostic kit (Fungitell; Cape Cod Inc., East Falmouth, MA, USA), with
positive results (>80 pg/ml). Given sterile cultures, the patient was
switched to fluconazole at a dose of 600 mg once-daily (12 mg/kg/day).
However, despite continuous antifungal treatment, patient continued
spiking daily fevers, raising concern for persistent infection. Magnetic
resonance imaging (MRI) of the brain did not demonstrate evidence of
meningitis, meningoencephalitis or intracranial abscesses. Trans-
thoracic echocardiogram did not show vegetations, and ophthalmic re-
view did not detect fungal endophthalmitis. Repeat lumbar puncture at
D28 of treatment showed further improvement in the CSF parameters
(protein level of 0.85 g/L; glucose level of 3.8 mmol/L; cell count of 5
cellsymm3), though fever continued to persist. Given that intracranial
abscesses had been excluded on imaging, and CSF cultures remained
sterile, a trial of IV micafungin was initiated for 5 days to assess if the
fever could be drug-related. However, the trajectory of the patient’s
fevers did not change, and hence fluconazole was resumed, given con-
cerns regarding penetration of echinocandins into the CSF. Repeat CT-
scan of the abdomen and pelvis at D32 of treatment showed interval
improvement in the pyelonephritis, with no new intrabdominal focus of
infection. Repeat MRI-brain at D33 of treatment did not show any
abnormal meningeal enhancement, intracranial abscess or focal collec-
tion. Fluconazole treatment was continued; the patient’s fevers finally
resolved at D35 of treatment. However, at D40 of treatment, the patient
developed significant new-onset hypercalcemia (serum calcium: 3.40
mmol/L) requiring intravenous hydration and bisphosphonate treat-
ment with intravenous pamidronate. Parathyroid hormone levels were
not elevated (1.22 pmol/L). The possibility of drug-induced hypercal-
cemia was raised, with fluconazole being the most likely culprit, as no
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other new drugs had been initiated in the interim. At D42 of treatment,
lumbar puncture was repeated. While CSF cultures remained sterile,
biochemical parameters had not fully resolved (protein level of 1.38 g/L;
glucose level of 3.1 mmol/L; cell count of 22 cells/mm3). Repeat qual-
itative testing of the CSF for p-d-glucan returned negative (<60 pg/ml).
With sterile CSF cultures, absence of fever and a negative p-d-glucan, a
decision was made to discontinue antifungal treatment on D49 in view
of the new-onset hypercalcaemia, although the patient’s CSF parameters
had not fully normalised. Patient was kept under close monitoring given
the unresolved CSF parameters. The hypercalcemia subsequently
resolved 2 days after fluconazole was stopped. Lumbar puncture was not
repeated due to patient’s poor premorbid function and the absence of
fever or altered mental status. Patient was discharged on D59 with no
evidence of clinical relapse on outpatient follow-ups. Unfortunately, the
patient passed away 2 years after the initial diagnosis of Candida glabrata
meningitis, from unrelated causes (Eschericia coli urosepsis).

3. Discussion

We present a case of Candida glabrata meningitis treated for 49 days,
who whilst on step-down fluconazole, developed a rare side effect of
hypercalcaemia from prolonged triazole therapy. Negative CSF p-d-
glucan in conjunction with serial sterile CSF cultures was used as a
marker for treatment cessation despite persistence of other CSF
biochemical abnormalities. Culture yield is known to be variable espe-
cially after treatment initiation [3]. Furthermore, clinical and microbi-
ological relapses have been encountered in multiple cases of Candida
meningitis even after attaining sterile cultures [5,6]. A sensitive and
non-invasive fungal marker for diagnostic and monitoring of fungal CNS
infections is much needed. f-d-glucan is a polysaccharide glucose
polymer and a component of the fungal cell wall. Measurement of CSF
B-d-glucan has emerged as a valuable diagnostic marker for fungal
meningitis [3], but its clinical utility in treatment monitoring has been
limited to case reports [5,7]. Lyons et al. provided the first case report of
B-d-glucan detected in CSF specimens of a patient with Candida albicans
meningitis [7]; Ceccarelli et al. described persistent CSF p-d-glucan as a
marker of treatment failure in a case of Candida tropicalis meningitis in
the setting of negative CSF culture and resolution of biochemical ab-
normalities in the CSF [5].

In our case, while the side effects of prolonged antifungal therapy
provided the impetus for treatment cessation, concerns of inadequate
treatment remained, given persistence of biochemical abnormalities in
the CSF. While these biochemical abnormalities could potentially still
represent residual inflammation instead of infection, the variable
sensitivity of CSF culture yield made it challenging to rule out residual
infection, despite persistently negative CSF cultures. Guidelines for

MRI-brain, D7
No intracranial abscess or
ventriculitis

CT-abdomen-pelvis, D7
Left hydroureteronephrosis; right
pyelonephritis

MRI-brain, D33
No intracranial abscess or
ventriculitis

Fig. 1. Imaging findings in a case of C.glabrata meningitis.
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Candida meningitis treatment generally suggest continuation of anti-
fungal treatment until resolution of all radiological and CSF abnormal-
ities [4]. Case reports have demonstrated detectable CSF f-d-glucan
levels even before Candida is culturable in CSF [5,7]. Its clinical utility as
an early surrogate biomarker supported our decision in treatment
cessation in conjunction with clinical improvement and sterile CSF
culture. While a limitation of our study was that only qualitative CSF
B-d-glucan results were available, many clinical factors, including total
fungal burden, site of infection and type of fungus, can cause the reac-
tivity of p-d-glucan to vary and hence p-d-glucan results should always
be interpreted in conjunction with other diagnostic procedures. The
patient was subsequently followed up for more than 2 years
post-treatment without clinical evidence of relapse.

Candida glabrata as a cause of Candida meningitis is uncommon [1,
2]. Risk factors for Candida meningitis in this particular patient included
previous neurosurgical intervention, although no intracranial device
had been previously inserted. Candida glabrata may be more challenging
to treat compared with other Candida species because of its intrinsically
higher fluconazole MIC with approximately 20% of strains developing
resistance during fluconazole therapy [8]. Successful treatment relies on
a higher fluconazole dose regimen, and in our case fluconazole was used
as a step-down treatment after a 2-week course of liposomal ampho-
tericin B and flucytosine treatment. Previous successes have been re-
ported with similar antifungal combinations [8,9] whilst others used
voriconazole for more resistant isolates as salvage treatment [1,6].
Triazole-associated hypercalcemia is rare. A case report of symptomatic
hypercalcemia associated with high-dose fluconazole has been pub-
lished in the literature [10]. Our patient developed new-onset hyper-
calcemia after more than a month of fluconazole therapy, during which
no new medication was introduced throughout this period. Calcium
levels normalised soon after treatment with pamidronate and cessation
of fluconazole, and hypercalcemia did not recur.

In conclusion, we report a successfully treated case of Candida
glabrata meningitis despite cessation of treatment due to triazole-
associated hypercalcaemia while biochemistry of the CSF was not yet
normalised. p-d-glucan was a useful biomarker in guiding treatment
decisions. A 2-year post-treatment follow up of the patient revealed no
evidence of disease relapse. More research is necessary into the usage of
novel biomarkers, such as CSF $-d-glucan, in the monitoring and treat-
ment of rare fungal CNS infections.
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