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Infection of the Cavernous Sinus Caused by Candida auris
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Candida auris (C. auris) is a pathogen that causes severe infections, particularly in healthcare
settings, and is resistant to common antifungal agents, leading to a global public health threat.
Infections of the cavernous sinus are rare but potentially fatal. We report a rare case of cavern-
ous sinus infection caused by drug-resistant C. auris. A 60-year-old woman with chronic otitis
media underwent a mastoidectomy and tympanoplasty. The patient developed a surgical site
infection with methicillin-resistant Staphylococcus aureus after the surgery, which improved
with antibiotic treatment. However, she developed purulent otorrhea, ear pain, and a limitation
of eye movement. Cultures of ear discharge repeatedly identified C. auris, and brain magnetic
resonance imaging (MRI) findings were consistent with the presence of cavernous sinus infec-
tion and pachymeningitis. Therefore, amphotericin B and micafungin combination therapy
was initiated for the C. auris infection. The patient showed no clinical improvement despite
combination therapy with amphotericin B and micafungin; therefore, flucytosine was added to
the treatment regimen. Symptoms improved after the triple-agent combination therapy, and a
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Introduction

Recently, strains of Candida, a fungus resistant to an-
tifungal agents, have increased. Candida auris (C. auris)
infection is a serious global health threat [1]. Healthcare
facilities in several countries have reported severe C.
auris infections among inpatients [2]. C. auris is often
resistant to common antifungal agents, causing difficulty
in treatment [1,2].

Cavernous sinus infection is a rare, potentially life-
threatening condition that requires prompt treatment and
is associated with a high mortality rate despite antimicro-
bial therapy [3]. Herein, we report the case of a 60-year-

follow-up MRI showed improvement in the cavernous sinus infection and pachymeningitis.
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old woman diagnosed with a cavernous sinus infection
and pachymeningitis caused by C. auris. We successfully
administered triple antifungal combination therapy, and
the patient fully recovered from the severe infection. To
the best of our knowledge, there have been no previous
reports of cavernous sinus infections caused by C. auris
in South Korea. Therefore, we report this case and dis-
cuss the use of combination antifungal therapy to treat C.

auris.

Case Report

A 60-year-old woman was admitted to the Department
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of Otolaryngology on November 2, 2020, with bilateral
chronic otitis media (COM). She was on medications for
hypertension and diabetes mellitus. She underwent a left
mastoidectomy and tympanoplasty. She developed ear-
ache and purulent otorrhea 2 days after the operation and
was diagnosed with surgical site infection (SSI) caused
by methicillin-resistant Staphylococcus aureus (MRSA),
which was treated with vancomycin (1 g intravenously
twice daily). The clinical symptoms improved after 5
days of vancomycin treatment, and she was discharged
on oral trimethoprim/sulfamethoxazole treatment (960
mg twice daily). The patient was prescribed oral trim-
ethoprim/sulfamethoxazole until December 11, 2020, and
the infection resolved.

In February 2021, 3 months after the operation, the pa-
tient presented to the emergency department with dizzi-
ness and a headache. Magnetic resonance imaging (MRI)
revealed soft tissue infection and pachymeningitis around
the otomastoiditis lesion. We assumed that the patient
had recurrent SSI and reinitiated vancomycin therapy.
MRSA was identified in an ear pus culture from a sample
collected in the emergency department. The patient’s
clinical condition improved after antibiotic treatment. C-
reactive protein (CRP) levels decreased from 60.2 to 46.7
mg/L after 14 days of vancomycin treatment. A follow-
up brain MRI performed on March 4, 2021, after 27
days of vancomycin treatment, revealed improvement.
However, the patient’s clinical condition worsened af-
ter 3 weeks of treatment. The patient developed limited
extraocular muscle movement (EOM) and ptosis of the
right eye, and her headache and ear discharge worsened.
Furthermore, the CRP level increased to 74.5 mg/L.
Brain MRI and orbital computed tomography (CT) were
performed. A brain MRI revealed aggravated diffuse
pachymeningitis and an additional cavernous sinus infec-
tion (Fig. 1A). The repeated ear pus cultures identified C.
auris. Repeated blood cultures yielded negative results.
The patient’s symptoms and the clinical findings contin-
ued to worsen despite the antibiotic treatment. The cav-
ernous sinus infection and worsening of symptoms were
believed to be caused by C. auris entering the cavernous

sinus through the inner ear since C. auris was repeatedly
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Fig. 1. Tl1-weighted magnetic resonance imaging of the brain
with gadolinium enhancement. (A) Image taken in March 2021
showing aggravated diffuse pachymeningeal thickening, bilateral
temporal convexities, cerebellar convexities, tentorium, retrocaval
area, cavernous sinuses, and a C-shaped spinal canal, consistent
with aggravated meningitis. (B) Image taken in June 2021
showing a reduction in the diffuse pachymeningeal thickening,
bilateral temporal convexities, cerebellar convexities, tentorium,
retrocaval area, cavernous sinuses, and C-shaped spinal canal,
consistent with improved meningitis.

identified in the patient’s ear pus.

The antibiotics were discontinued, and intravenous
injections of 100 mg micafungin and 50 mg amphoteri-
cin B were administered once daily starting from March
23, 2021. The otorrhea and headache were not relieved
after 1 week of antifungal therapy, and the CRP level
increased to 87.1 mg/L. Due to the lack of clinical im-
provement, 1,250 mg of flucytosine (procured from the
Korea Orphan and Essential Drug Center) was added to
the treatment regimen on March 30, 2021. We monitored
the CRP levels after adding flucytosine and found that
the CRP level decreased to 39 mg/L after 10 days. The
patient developed acute renal injury 4 weeks after the
initiation of amphotericin B. Therefore, amphotericin B
was discontinued on April 29, 2021. After the discontinu-
ation of amphotericin B, we administered a combination
therapy of micafungin and flucytosine. Subsequently, the
patient’s CRP level, otorrhea, and pain decreased. The
follow-up MRI after the two-drug combination therapy
for 4 weeks showed improvement in the pachymeningitis
and cavernous sinus infection. Subsequently, her EOM
also improved, and the patient was treated with micafun-
gin monotherapy starting June 7, 2021. A follow-up brain
MRI on June 30, 2021, showed complete resolution of
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Table 1. Sensitivity of the Candida auris isolate to antifungal
agents in June, 2021

Antifungal agent MIC Sensitivity
Amphotericin B 0.5 S
Caspofungin 0.25 S
Flucytosine <l S
Micafungin <0.06 S
Fluconazole 16 R
Voriconazole 0.5 SDD

Abbreviations: MIC, minimum inhibitory concentration; S,
susceptible; R, resistant; SDD, susceptible dose-dependent.

the cavernous sinus infection (Fig. 1B), and blood bio-
chemistry showed a CRP level of <0.5 mg/L. Therefore,
the micafungin treatment was discontinued.

Matrix-assisted laser desorption ionization time-of-
flight mass spectrometry (Bruker Daltonics, Bremen,
Germany) of the ear pus revealed C. auris. DNA was
extracted from the four isolates of C. auris for DNA
sequencing. Internal transcribed spacer 1 was used as
the forward primer to conduct 23S ribosomal RNA se-
quencing, which yielded a 23S ribosomal RNA DNA
sequence of 400 base pairs. ribosomal RNA. Sequence
analysis using the GenBank Basic Local Alignment
Search Tool (BLAST) showed 100% matching of the
identified sequence with C. auris (GenBank accession
no.: CP043535.1) in three samples and 99.49% matching
in the fourth sample. Antifungal susceptibility was tested
using the AST-YS08 card (bioMérieux, Inc., Durham,
NC, USA) of the VITEK 2 system. The identified C.
auris strain was susceptible to amphotericin B and echi-
nocandins and resistant to fluconazole and voriconazole
(Table 1).

Discussion

C. auris was first discovered in the ear pus of a Japa-
nese patient in 2009. This multidrug-resistant fungus is
considered a global health threat because it causes inva-
sive nosocomial infections, which are associated with
high mortality [2]. In addition, it is the main Candida
species causing nosocomial outbreaks [2]. Its mortal-

ity rate in medical institutions is 30-60% [4], and it is
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resistant to existing antifungal agents. Among C. auris
infections, 88-90% and 10-35% of cases are resistant to
fluconazole and amphotericin B, respectively, which are
the first-line antifungal agents used to treat Candida in-
fections in South Korea [4]. Echinocandins are the treat-
ment of choice for C. auris [4,5]. However, FSKI muta-
tions that confer resistance to echinocandins are observed
in approximately 4% of the cases [4].

Cavernous sinus infection is a rare but severe infection,
with a mortality rate of 30-50% [3]. Patients who receive
adequate treatment and survive may develop long-term
cranial nerve dysfunction [6]. Infection of the cavernous
sinus spreads mainly from facial cellulitis, sinusitis, and
dental infections [7], and the main causative pathogens
are Staphylococcus, Streptococcus, and Pneumococcus
[8]. Fungal infections of the cavernous sinus are rare.
Infection of the cavernous sinus by Candida species has
been previously reported [9]. To our knowledge, this is
the first case report of cavernous sinus infection caused
by C. auris in South Korea [8,10,11]. Since C. auris
mostly colonizes the ear canals, most cases in South Ko-
rea are identified in ear discharge cultures [10]. Invasive
infections are rare [10,11]. The C. auris identified in
South Korea is resistant to fluconazole but sensitive to
amphotericin B and ecchinocandin [10].

The patient had COM. The SSI caused by MRSA im-
proved after antibiotic treatment. However, symptoms
subsequently worsened, and the patient developed lim-
ited EOM. C. auris colonization in the external ear canal
might have developed as a result of repeated antibiotic
therapy. In addition, the tympanic membrane remained
ruptured postoperatively, and secondary infections by
other pathogens could not be ruled out. C. auris was re-
peatedly cultured; therefore, we assumed that C. auris
was the cause of the cavernous sinus infection and pachy-
meningitis. However, the choice of antifungal agents was
limited because of the antifungal resistance of C. auris
and the poor penetration of antifungal agents into the
central nervous system (CNS) [5]. Echinocandins, the
primary choice of treatment for C. auris, have limited
penetration into the central nervous system [5]. Accord-

ing to literature reports, micafungin and amphotericin B
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have synergistic effects if administered together [5]. The
combined administration of flucytosine and amphotericin
B, voriconazole, or micafungin caused no antagonism
[12]. Additionally, flucytosine is most effective in combi-
nation with other antifungal agents [1,12]. The treatment
guidelines recommend liposomal amphotericin B with or
without flucytosine [13].

We provided a combination therapy with synergistic
antifungal agents, based on a review of the evidence. As
a result, we initially chose micafungin and added ampho-
tericin B since echinocandins have limited penetration
into the CNS. However, amphotericin B, like micafungin,
cannot penetrate well into the CNS and has low concen-
trations in the cerebrospinal fluid when administered
[14]. We believe that this explains the lack of improve-
ment in the patient’s clinical course with two antifungal
drug combination therapy. We initiated a triple-therapy
regimen of flucytosine, micafungin, and amphotericin B
due to the lack of clear clinical improvement. The patient
developed an acute kidney injury after 4 weeks of treat-
ment, and amphotericin B was discontinued. After the
patient’s laboratory and clinical findings improved, mi-
cafungin monotherapy was administered as maintenance
therapy.

Only a limited number of case reports and clinical stud-
ies are available on combination antifungal therapy for C.
auris [15]. Therefore, further studies on the synergistic
effects of different antifungal agents for the effective
treatment of C. auris infections should be conducted.

Fungal infections of the cavernous sinus are life-threat-
ening condition that requiring prompt treatment [9]. This
is a rare case of a severe infection of the cavernous sinus
caused by drug-resistant C. auris. We treated the patient
with a combination antifungal therapy. The mortality
rate of C. auris infections remains high despite appropri-
ate antifungal therapy [4]. Several in vitro studies have
shown the synergistic effects of antifungal combination
treatment, with no antagonism [5,12]. Antifungal com-
bination therapy should be considered for treating severe
infections, such as severe sepsis or septic shock, or when
the sites of infection have difficult penetrability to drugs,

such as meningitis or endocarditis.
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