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a b s t r a c t

Echinocandins are recommended as first-line agents to treat invasive infections caused by Candida
glabrata since this organism is inherently less susceptible to azoles. However, resistance to echinocandins
has been described in C. glabrata due to amino acid changes in the hotspot regions of the FKS1 and FKS2
genes. In this report, we describe the first two South African C. glabrata isolates with echinocandin re-
sistance mediated by mutations in the FKS2 gene. Both isolates were cultured from urine specimens from
private-sector patients.
& 2016 The Authors. International Society for Human and Animal Mycology. Published by Elsevier B.V.

This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

In resource-rich settings, echinocandins are the antifungal
agents of choice for invasive infections caused by Candida glabrata
due to the relative resistance of this species to azole antifungals
[1]. Anidulafungin, caspofungin and micafungin disrupt the
synthesis of β-1,3-D-glucan, an essential fungal cell wall compo-
nent, by inhibiting β-1,3-D-glucan synthase. β-1,3-D-glucan syn-
thase is an enzyme complex comprised of two subunits: Fksp, a
catalytic subunit and Rho1p, a regulatory subunit [1]. It is thought
that the echinocandins bind to Fksp, which is encoded by three
related genes: FKS1, FKS2 and FKS3. Reduced susceptibility to
echinocandins is associated with amino acid substitutions in two
highly-conserved hot-spot regions of the FKS genes. For C. glabrata,
a variety of amino acid changes in the hotspot regions of FKS1 and
FKS2 confer resistance to the echinocandins [2,3]. Here we de-
scribe the first two South African C. glabrata isolates with echi-
nocandin resistance mediated by mutations in the FKS2 gene. Both
isolates were cultured from urine specimens of patients treated in
the private health sector.
for Human and Animal Mycology
d/4.0/).
2. Case

The first patient was a 29-year-old female with osteogenesis
imperfecta who was re-admitted in October 2014 to the intensive
care unit (ICU) of a private hospital in Johannesburg in septic
shock (Day 0). The patient was admitted one week after a prior
prolonged ICU admission for severe pneumonia and was treated
with empiric antibiotics and fluids. Information regarding prior
antifungal exposure could not be obtained. She required me-
chanical ventilation, inotropic support and hemodialysis. Klebsiella
pneumoniae and Enterococcus faecalis were isolated from re-ad-
mission blood cultures. C. glabrata was cultured from a urine
specimen on day þ46 and this isolate was submitted to a re-
ference laboratory for confirmation of species-level identification
and antifungal susceptibility testing. Despite an initial improve-
ment in her condition, the patient deteriorated and she died ap-
proximately two months after re-admission (Day þ60). At the
diagnostic laboratory, the isolate was initially identified as C.
glabrata using the MALDI-TOF MS instrument (bioMérieux, Marcy
ľEtoile, France) and minimum inhibitory concentrations (MICs)
were determined using pre-prepared Sensititre YeastOne micro-
broth dilution panels (Thermo Fisher Scientific, Cleveland, Ohio,
USA): 8 mg/ml for fluconazole, 0.5 mg/ml for voriconazole, 0.25 mg/
ml for caspofungin and 0.5 mg/ml for anidulafungin. Identification
of the isolate was confirmed by sequencing of the internal
. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
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Table 1
Antifungal susceptibility test results for the first-isolated C. glabrata FKS mutant.

Antifungal agent MIC (lg/ml) rangea: Categoryb Wild
typec

Broth
microdilution

Etest

Anidulafungin 0.5–1.0 0.5–0.75 Resistant No
Micafungin 0.25 0.19–0.25 Resistant No
Caspofungin 0.5–1.0 1.0–1.5 Resistant No
Flucytosine o0.06 0.032–0.064 No breakpoint Yes
Posaconazole 1.0 1.0–3.0 No breakpoint Yes
Voriconazole 0.25 0.047–0.25 No breakpoint Yes
Itraconazole 0.5 0.75–4.0 No breakpoint Yes
Fluconazole 16.0 3.0–8.0 Susceptible

dose-dependent
Yes

Amphotericin B 0.5 0.002–0.5 No breakpoint Yes

a Ranges for minimum inhibitory concentrations (MICs) as determined by
3 independent readers performing the tests in duplicate;

b Based on Clinical and Laboratory Standards Institute (CLSI) M27-S4 inter-
pretive breakpoints;

c Based on published epidemiologic cut-off values (ECVs), as determined by
multiple laboratories, for the Sensititre YeastOne method: anidulafungin (0.12 mg/
ml), micafungin (0.03 mg/ml), caspofungin (0.25 mg/ml), flucytosine (0.25 mg/ml),
posaconazole (2 mg/ml), voriconazole (4 mg/ml), itraconazole (4 mg/ml), fluconazole
(128 mg/ml), amphotericin B (2 mg/ml).
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transcribed spacer (ITS) region of the ribosomal RNA gene at the
reference laboratory [4]. MICs were then confirmed using the
same microbroth dilution panels (Thermo Fisher Scientific, Cle-
veland, Ohio, USA) and by Etest (bioMérieux, Marcy ľEtoile,
France) on RPMI 1640 plates containing 2% glucose (Diagnostic
Media Products, NHLS, South Africa), as recommended by the
manufacturer. Echinocandin MICs generated by the Sensititre
YeastOne method are comparable to those generated using the
Clinical and Laboratory Standards Institute (CLSI) M27-A3 method
[5].Three reference laboratory personnel performed susceptibility
tests independently and in duplicate. The quality control (QC)
strains, Candida parapsilosis ATCC 22019 and Candida krusei ATCC
6258 were run simultaneously and MICs were within expected QC
ranges. The broth microdilution MIC ranges were 0.5–1 mg/ml (CLSI
M27-S4 resistance breakpoint Z0.5 mg/ml) for anidulafungin,
0.25 mg/ml for micafungin (CLSI resistance breakpoint Z0.25 mg/
ml) and 16 mg/ml for fluconazole (CLSI resistance breakpoint
Z64 mg/ml) (Table 1). The Etest MIC ranges were 0.5–0.75 mg/ml
and 0.19–0.25 mg/ml for anidulafungin and micafungin respectively
and 3 – 8 mg/ml for fluconazole. Published epidemiologic cut-off
values (ECVs) determined by multiple laboratories for the Sensi-
titre YeastOne method were also applied to the MIC of each tested
antifungal agent to determine whether the isolate was wild type
or a mutant (Table 1) [6–8]. A mutation was detected in the hot-
spot 1 region of the FKS2 gene where serine was replaced by
phenylalanine at position 663 (S663F). In September 2015, a sec-
ond C. glabrata strain from another patient was submitted to the
reference laboratory for confirmatory tests (private-sector patient;
urine specimen; clinical details unavailable). The anidulafungin
and micafungin MICs were both 2 mg/ml by the Sensititre YeastOne
method and a change from arginine to lysine at amino acid posi-
tion 1377 (R1377K) was identified by sequencing the FKS2 hotspot
2 region.
3. Discussion

This is the first report of echinocandin-resistant C. glabrata
isolates from South Africa, mediated by FKS2 gene mutations, and
isolated from the urine of two patients in the private sector. The
echinocandins have increasingly been used for first-line
management of candidaemia, especially in the private sector, since
2007 when caspofungin was registered. Anidulafungin and mica-
fungin have since also been registered. In a national surveillance
study conducted in South Africa in 2009 and 2010, only ten of
1252 (0.8%) bloodstream Candida isolates had resistant/ inter-
mediate micafungin or anidulafungin MIC values and were con-
sidered to be non-susceptible to the echinocandins [9]. However,
FKS gene sequencing of the ten isolates, including three C. glabrata
isolates, yielded no mutations in the hotspot regions. As a result of
poor in-vivo glomerular filtration or tubular secretion, echino-
candins achieve very low concentrations in the urinary tract [10].
We hypothesize that exposure of the C. glabrata strains to sub-
therapeutic echinocandin concentrations may have led to emer-
gence of resistance in the two cases that we report here. A travel
history was not available for either patient; therefore, it is not
known if these mutant strains were acquired. The S663F mutation
has not been described as often as the serine to proline replace-
ment at the same amino acid position. In a US population-based
surveillance study, of 490 bloodstream C. glabrata isolates, 16 (3%)
had elevated echinocandin MICs and an FKS mutation. Of 11 iso-
lates with mutations in FKS2 hotspot 1 at amino acid position 663,
only one had the serine to phenyalanine replacement that we
describe here [11]. In another US study, 77 of 1032 (7%) isolates
had echinocandin MICs in the intermediate or resistant categories,
51 of which had FKS mutations; two isolates had the S663F mu-
tation [12]. Previously, a nonsense mutation at FKS 2 hotspot 2 has
been described where arginine was replaced with a stop codon at
amino acid position 1377 [2]. Caspofungin MICs are an unreliable
indicator of echinocandin resistance owing to inter-laboratory
variation of MIC readings especially for C. glabrata; instead, ani-
dulafungin or micafungin MICs have been recommended to pre-
dict susceptibility to the class [13,14]. In conclusion, we have de-
scribed the first two cases of echinocandin-resistant C. glabrata
isolates in South Africa. Systematic active laboratory surveys, in-
cluding isolates from cases of non-invasive Candida infection, are
needed to determine if echinocandin resistance has become more
widespread in South Africa.
Conflict of interest

For unrelated work, Nelesh P. Govender has received speaker
honoraria from Pfizer, Astellas and MSD (Pty) Ltd, has received
travel grants from MSD (Pty) Ltd, has provided educational ma-
terials for TerraNova and has acted as a temporary consultant for
Fujifilm Pharmaceuticals. For the remaining authors, none were
declared.
References

[1] D.S. Perlin, Resistance to echinocandin-class antifungal drugs, Drug. Resist.
Updat. 10 (3) (2007) 121–130.

[2] G. Garcia-Effron, S. Lee, S. Park, J.D. Cleary, D.S. Perlin, Effect of Candida glab-
rata FKS1 and FKS2 mutations on echinocandin sensitivity and kinetics of 1,3–
D-Glucan synthase: implication for the existing susceptibility breakpoint,
Antimicrob. Agents Chemother. 53 (9) (2009) 3690–3699.

[3] K.M. Astvad, D.S. Perlin, H.K. Johansen, R.H. Jensen, M.C. Arendrup, Evaluation
of caspofungin susceptibility testing by the New Vitek 2 AST-YS06 yeast card
using a unique collection of FKS Wild-Type and hot spot mutant isolates, in-
cluding the five most common Candida Species, Antimicrob. Agents Che-
mother. 57 (1) (2013) 177–182.

[4] T. White, T. Bruns, S. Lee, J. Taylor, Amplification and direct sequencing of
fungal ribosomal RNA genes for phylogenetics, in: M.A. Innis, D.H. Gelfand, J.
J. Sninsky, T.J. White (Eds.), PCR Protocols: A Guide To Methods and Applica-
tions, 1990.

[5] M.A. Pfaller, V. Chaturvedi, D.J. Diekema, M.A. Ghannoum, N.M. Holliday, S.
B. Killian, et al., Clinical evaluation of the sensititre yeastone colorimetric
antifungal panel for antifungal susceptibility testing of the echinocandins
anidulafungin, caspofungin, and micafungin, J Clin. Microbiol. 46 (7) (2008)

http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref1
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref1
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref1
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref2
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref2
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref2
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref2
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref2
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref3
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref3
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref3
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref3
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref3
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref3
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref4
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref4
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref4
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref4
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref5
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref5
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref5
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref5


S.D. Naicker et al. / Medical Mycology Case Reports 11 (2016) 24–2626
2155–2159.
[6] E. Canton, J. Peman, D. Hervas, C. Iniguez, D. Navarro, J. Echeverria, et al.,

Comparison of Three statistical methods for establishing tentative wild-type
population and epidemiological cutoff values for echinocandins, amphotericin
B, flucytosine, and six Candida Species as determined by the colorimetric
sensititre yeastone method, J Clin. Microbiol. 50 (12) (2012) 3921–3926.

[7] E. Canton, J. Peman, C. Iniguez, D. Hervas, J.L. Lopez-Hontangas, C. Pina-Vaz,
et al., Epidemiological cutoff values for fluconazole, itraconazole, posacona-
zole, and voriconazole for six candida species as determined by the Colori-
metric Sensititre YeastOne Method, J Clin. Microbiol. 51 (8) (2013) 2691–2695.

[8] A. Espinel-Ingroff, M. Alvarez-Fernandez, E. Cantón, P.L. Carver, S.C.-A. Chen,
G. Eschenauer, et al., Multicenter study of epidemiological cutoff values and
detection of resistance in Candida spp. to anidulafungin, caspofungin, and
micafungin using the Sensititre YeastOne Colorimetric Method, Antimicrob.
Agents Chemother. 59 (11) (2015) 6725–6732.

[9] N.P. Govender, J. Patel, R.E. Magobo, S. Naicker, J. Wadula, A. Whitelaw, et al.
Emergence of Azole-Resistant Candida parapsilosis causing Bloodstream In-
fection: Results from Laboratory-Based Sentinel Surveillance, South Africa. J.
Antimicrob. Chemother., 2016 (in press).
[10] J.D. Sobel, S.K. Bradshaw, C.J. Lipka, N.A. Kartsonis, Caspofungin in the treat-
ment of symptomatic candiduria, Clin. Infect. Dis. 44 (5) (2007) e46–e49.

[11] A.J. Zimbeck, N. Iqbal, A.M. Ahlquist, M.M. Farley, L.H. Harrison, T. Chiller, et al.,
FKS mutations and elevated echinocandin MIC values among Candida glabrata
isolates from U.S. population-based surveillance, Antimicrob. Agents Che-
mother. 54 (12) (2010) 5042–5047.

[12] C.D. Pham, N. Iqbal, C.B. Bolden, R.J. Kuykendall, L.H. Harrison, M.M. Farley,
et al., Role of FKS mutations in Candida glabrata: MIC values, echinocandin
resistance, and multidrug resistance, Antimicrob. Agents Chemother. 58 (8)
(2014) 4690–4696.

[13] M.C. Arendrup, M.A. Pfaller, the Danish Fungaemia Study Group, Caspofungin
etest susceptibility testing of Candida Species: risk of misclassification of
susceptible isolates of C. glabrata and C. krusei when adopting the revised CLSI
caspofungin breakpoints, Antimicrob. Agents Chemother. 56 (7) (2012)
3965–3968.

[14] R.K. Shields, M.H. Nguyen, E.G. Press, C.L. Updike, C.J. Clancy, Anidulafungin
and micafungin MIC breakpoints are superior to that of caspofungin for
identifying FKS mutant Candida glabrata strains and echinocandin resistance,
Antimicrob. Agents Chemother. 57 (12) (2013) 6361–6365.

http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref5
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref5
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref6
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref6
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref6
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref6
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref6
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref6
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref7
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref7
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref7
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref7
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref7
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref8
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref8
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref8
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref8
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref8
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref8
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref9
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref9
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref9
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref10
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref10
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref10
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref10
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref10
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref11
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref11
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref11
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref11
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref11
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref12
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref12
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref12
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref12
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref12
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref12
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref13
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref13
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref13
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref13
http://refhub.elsevier.com/S2211-7539(16)30011-2/sbref13

	Two echinocandin-resistant Candida glabrata FKS mutants from South Africa
	Introduction
	Case
	Discussion
	Conflict of interest
	References




