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Bloodstream infections caused by non-albicans Can-
dida species are increasing and echinocandins have 
been extensively used especially in patients with he-
modynamic instability, previous antifungal treatment, 
and hospital risk factors for intrinsic or acquired re-
sistance to azoles. Candida glabrata resistance to echi-
nocandins is reported and is generally associated with 
previous use of echinocandins; FKS gene mutations 
have been associated with a worse outcome. We report 
the case of a 65-year-old woman who developed can-
didemia and endocarditis by C. glabrata with a new-
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ly acquired FKS mutation 24 months after successful 
treatment of infective endocarditis by C. glabrata with 
a double dosage of anidulafungin (200 mg daily) fol-
lowed by oral voriconazole. Driven by high echinocan-
din MICs the strain taken by intraoperative cultures 
was further analyzed in a referral microbiology labora-
tory, confirming the new onset of point mutation S633P 
of the FKS2 gene.
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n INTRODUCTION

The incidence of systemic candidiasis caused 
by non-albicans species, such as C. glabrata, 

has increased due to the growing population of 
immunosuppressed and elderly patients and the 
widespread use of azoles [1, 2]. Candida glabrata is 
more likely to be non-susceptible to azoles in com-
parison to other Candida species, thus echinocan-
dins are increasingly being used as empiric and 
targeted antifungal therapy [3, 4]. Widespread 
echinocandin usage has been accompanied by re-

ports of emerging drug resistance among clinical 
isolates mediated by point mutations in FKS1 (all 
Candida species) or FKS2 (C. glabrata) hot spots 
that result in attenuated echinocandin activity [5]. 
The incidence of FKS mutations varies among in-
stitutions, with reports ranging from 3% to 18% 
[5, 6].

n CASE REPORT

We report a 65-year-old woman who developed 
candidemia and endocarditis by C. glabrata with 
FKS mutation 24 months after a successful treat-
ment of infective endocarditis by C. glabrata with 
a double dosage of anidulafungin (200 mg daily) 
followed by oral voriconazole [7]. 
The patient was affected by several important 
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co-morbidities: hepatitis C virus (HCV)-related 
cirrhosis, pancytopenia due to spleen enlarge-
ment, previous episodes of autoimmune hemo-
lytic anemia and thrombocytopenia. Moreover, 
she undergone to several different cardiac surger-
ies: in 1980, aortic and mitral valve substitution, 
in 2001, prosthetic mitral valve implanted for 
infective endocarditis (IE), and in 2005, biopros-
thetic tricuspid valve implant and intravascular 
electrocatheters), last surgical tricuspid valve re-
placement on May 2011 for Candida glabrata endo-
carditis.
The patient remained stable until March 2013, 
when she was admitted at our hospital due to 
fever, weight loss and asthenia. Considering her 
previous history and the suspect of infective en-
docarditis, blood cultures were drawn and anti-
biotic and antifungal therapy was started (caspo-
fungin 70 mg on the first day then 50 mg/day). 
Blood cultures resulted positive for C. glabrata. 
In vitro sensitivities determined with Sensitre 
YeastOne (Trek Diagnostic, Inc.) had the follow-
ing results: fluconazole >256 mg/l, caspofungin 
16 mg/l, anidulafungin 4 mg/l, micafungin 2 
mg/l; voriconazole 16 mg/l, posaconazole >8 
mg/l, itraconazole >16 mg/l, amphotericin B 1 
mg/l. Transesophageal echocardiography (TEE) 
showed vegetations on prosthetic mitral valve 
and bioprosthetic tricuspid valve. Due to the high 
intraoperative risk, cardiosurgery was delayed 
and antifungal treatment was continued with 
caspofungin and voriconazole was added (200 
mg bid) [8-10]. After two weeks of therapy, TEE 
showed a slight reduction of the vegetations and 
the patient underwent cardiosurgery. Intraopera-
tory cultures were positive for C. glabrata with the 
same in vitro sensitivities described above. This 
strain was further analyzed in a referral microbi-
ology laboratory, reporting the point mutation in 
hot spots of FKS genes and it was compared to the 
strain isolated in the previous hospitalization in 
2011. The FKS mutation in C. glabrata was detect-
ed in the FKS2 gene and was well characterized as 
S663P mutation. 
According to the previous reported results anti-
fungal therapy was switched to liposomal am-
photericin B (3 mg/kg/die) that was interrupted 
after two days, because to infusion intolerance 
(chest pain, dyspnea and a slow resolution itchy 
rash extended to all body) that had already oc-
curred in 2011. Micafungin at the dosage of 150 

mg/die was started because of its favorable tol-
erability profile, scarce drug interactions and no 
need of any adjustment for renal or hepatic in-
sufficiency [11]. Moreover, micafungin seems to 
be superior in vitro to the other echinocandins in 
limiting the emergence of resistance among C. gla-
brata [6]. Postoperative recovery was complicated 
by renal failure, dyspnea and anasarcatic status, 
which lead to fatal outcome in June 2013.

n DISCUSSION

According to IDSA and ESCMID guidelines, echi-
nocandins are preferred as the initial therapy for 
candidemia but resistance to this class are emerg-
ing [8, 12, 13].
Guidelines also recommend to treat candida en-
docarditis of prosthetic valve with liposomal 
amphotericin B or caspofungin followed by flu-
conazole for life-long suppressive when surgery 
is not possible [8, 12]. In our patient caspofungin 
was combined to an azole to enhance the patient’s 
chances to get to surgery as there is some evidence 
suggesting that combinations of voriconazole and 
caspofungin may be effective [9, 10, 14]. 
Echinocandins work by inhibiting the β-1,3-glu-
can synthase enzyme (encoded by FKS1, FKS2, 
and FKS3 genes in C. glabrata), which synthesizes 
a major component of the fungal cell wall. Muta-
tions in FKS1 or FKS2 have been associated with 
elevated echinocandin minimal inhibitory con-
centrations (MICs), reduced glucan synthase en-
zyme sensitivity and outcomes in animal models, 
with statistically significant differences observed 
between specific mutations [5, 15].
In a recent study it has been reported that any 
prior echinocandin therapy is a significant pre-
dictor of FKS (OR, 19.65; 95% CI, 7.19-58.1) [16]. 
In contrast with these data Beyda et al. described 
isolates with FKS1 I634V mutation without any 
prior echinocandin exposure, suggesting that, al-
though the low number of cases reported, contin-
uous surveillance of FKS mutations is needed to 
understand their epidemiologic and clinical sig-
nificance [17]. 
In addition, an increasing number of reports of 
Candida spp. isolates with elevated echinocan-
din MICs are being reported [18]. Clinical and 
Laboratory Standards Institute (CLSI) and Euro-
pean Committee on Antimicrobial Susceptibil-
ity Testing (EUCAST) have established clinical 
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MIC breakpoints (CBPs) and epidemiological 
cutoff values (ECVs) for anidulafungin and mi-
cafungin tests against Candida spp [19-22]. These 
interpretive criteria are both predictive of in 
vivo outcome and help distinguishing wild-type 
(WT) strains (no intrinsic or acquired resistance 
mutations) from non-WT strains which con-
tain acquired resistance mutations in the FKS 
genes. Caspofungin MIC showed a great intra 
and interlaboratory variation as much as anidu-
lafungin or micafungin have been considered to 
be used as a surrogate for clinical in vitro testing 
of echinocandins [23].
Echinocandin resistance in C. glabrata species is 
still a sporadic event, notwithstanding it jeop-
ardizes the treatment and cure of patients who 
often already have many other comorbidities. To 
surpass the intrinsic trouble connected to in vitro 
susceptibility-based assays new methods based 
on DNA analysis have been developed to rap-
idly identify C. glabrata echinocandin-resistance 
and to better direct target therapy [24, 25]. Un-
derstanding both clinical and molecular factors 
leading to new mutations can help in developing 
better diagnostic tools and therapeutic strategies 
to overcome resistance. 
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