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A B S T R A C T

Mixed fungal infection and acquired echinocandin resistance of Candida spp. remain infrequent. In this study
we have reported the case of a patient hospitalized for tuberculosis who experienced multiple infections due to
three common Candida species (C. albicans, C. glabrata, C. tropicalis). Furthermore, consecutive isolates from
blood cultures and heart valve were found resistant to azoles (C. tropicalis) and to echinocandin with either
novel (C. tropicalis) or previously described (C. albicans) missense mutations in the Fks gene.

1. Introduction

Candidemia is the fourth most common microbial bloodstream
infection. Since the 2000s, caspofungin and micafungin have been
employed as first-line treatment and prophylaxis for invasive candi-
diasis. Increasing use of these drugs has led to the emergence of
echinocandin resistance [1–3]. Even though several case reports have
been written, acquired echinocandin resistance remains uncommon
especially for Candida tropicalis [4–6]. Here, we report the case of a
37-year-old man, hospitalized for Extensively drug-resistant tubercu-
losis disease (XDR TB), who was diagnosed with candidemia due to
three different Candida species (C. glabrata, C. albicans and C.
tropicalis), bacteremia and fungal endocarditis due to C. tropicalis.
Usually, the recommended treatment for candidemia due to C.
glabrata is an echinocandin, the choice being due to the intrinsic
fluconazole resistance of this species. But in cases of combined
echinocandin-resistance, a switch to amphotericin B or the association
of two antifungals could be necessary.

2. Case

The patient was hospitalized six month before candidemia (day 0)
for XDR tuberculosis disease. A central venous catheter (CVC) was
placed. The subsequent clinical history regarding fungal infections is
shown in the figure. Of note, bacteremias were also diagnosed 4 month
before day 0 by Klebsiella pneumonia and one month before day 0 by

Enterobacter cloacae.
In brief, three peripheral blood cultures were positive for C.

glabrata on day 0. The antifungal susceptibility profile of the isolate
(CNRMA13.446) tested using EUCAST broth microdilution method
was normal for the species [4–7]. On day 32, the patient developed a
second infection caused by C. tropicalis isolated from blood cultures
(seven positive blood cultures). This isolate recovered (CNRMA13.526)
was resistant to azoles (Table 1).

On day 93 and 94, the patient experienced fever and respiratory
distress. Three peripheral blood cultures and a broncho-alveolar lavage
(BAL) were positive with C. albicans and C. tropicalis. Both C. albicans
(CNRMA13.695) and C. tropicalis (CNRMA13.694) isolates were
resistant (Table 1) to the three echinocandins tested [4–8]. A missense
mutation S645P in the Hot spot (HS)1 region of the Fks gene (Table 2),
coding the betaglucan synthase, target enzyme of the echinocandins,
was found for both isolates [4–13] .

On day 139, a trans-thoracic cardiac ultrasound confirmed an
infective endocarditis, with large vegetation > 15 mm. Culture of the
vegetations was positive with C. albicans (CNRMA13.779) and C.
tropicalis (CNRMA13.778). Both isolates had the same antifungal
susceptibility profiles and the same missense mutation as the previous
isolates (Table 1). The three consecutive isolates of C. tropicalis
(CNRMA13.778, CNRMA13.694, CNRMA13.526) were genotyped
using MultiLocus Sequence Typing [14]. All shared the same genetic
profiles suggesting that they were genetically linked.

History of the antifungal treatment is represented in the figure.
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First, caspofungin was administered between day 3 and day 18 and
then between day 33 and day 67 (70 mg loading dose, followed by
50 mg/day). The catheter was immediately removed on day 33. Third
candidemia was treated with: From day 93 to day 97 by caspofungin,
with MIC we decided switch by voriconazole during ten days (day107),
treatment was changed to liposomal amphotericin B IV (3 mg/kg/day
associated with flucytosin IV (25 mg/kg/day) from day 107 to day 163.

Table 1
MICs and Fks mutation for isolates of Candida species studied.

Isolate Species Day of isolation Site of isolation MICa (mg/L) Fks mutation

Fluco Vori Posa Caspo Mica Anidula 5FC AmphoB

CNRMA13.446 C. glabrata day 0 blood 8 0,5 1 0,06 0,03 0,06 0,124 0,125 ND
CNRMA13.526 C. tropicalis day 32 blood 1 8 0,125 0,03 0,03 0,03 0,124 0,125 WT
CNRMA13.694 C. tropicalis day 93 blood 0,5 0,06 0,06 4 0,5 0,5 0,124 0,06 S645P (HS1)
CNRMA13.778 C. tropicalis day 139 heart valve 0,5 0,06 0,03 4 0,5 0,5 0,124 0,06 S645P (HS1)
CNRMA13.695 C. albicans day 94 blood 0,124 0,014 0,014 4 2 0,25 0,124 0,06 S645P (HS1)
CNRMA13.779 C. albicans day 139 heart valve 0,124 0,014 0,014 4 1 0,25 0,124 0,03 S645P (HS1)

ND: not done, WT: wild-type protein sequence in comparison with type strain ATCC750, susceptible to echinocandins.
a MIC: Minimum Inhibitory Concentration, Fluco: fluconazole, Vori: voriconazole, Posa: posaconazole, Caspo: caspofungin, Mica: micafungin, Anidula: anidulafungin, 5FC:

flucytosin, AmphoB: amphotericin B.

Table 2
List of primers used for amplification and sequencing of Fks HS1 and 2 regions.

Species Région Primes Sequences 5′ 3′ Ref.

Candida albicans HS1 GSC1f GAAATCGGCATATGCTGTGTC Park et al. [9]
GSC1r AATGAACGACCAATGGAGAAG

HS2 CAS2f ACCACCAAGATTGGTGCTG Desnos-Ollivier et al. [4,8,10]
CAS2r TATCTAGCACCACCAACGG

Candida tropicalis HS1 CTS1-1f ATGGTTCAGTATAGGTGGATG Desnos-Ollivier et al. [4,8,10]
CTS1-1r AAGGAACGACCAATGGAGAAG

HS2 CTS1-2f ACTACCAAGATTGGTGCTG
CTS1-2r TATCTAGCACCACCAACAG

Candida glabrata FKS2-HS1 CG1f GAAGGCTGGTCATGCTGTAG Katiyar et al. [11]
CG1r AAGGATTTACCAACAGAGAAG

FKS2-HS2 CG2f ACAACTAAGATTGGTGCAG Blanchard et al. [12]
CG2r TAACGAGCACCACCCACA

FKS1-HS1 FKS1-2f GTTGCAGTCGCTACATTGCTA Katiyar et al. [11]
FKS1-2r TAGCGTTCCAGACTTGGGAA

FKS1-HS2 FKS1HS2f ATTGGCTCAAATTGGTGGTA Zimbeck et al. [13]
FKS1HS2r CACAGACCACGTTCAATCAA

FKS3-HS1 FKS3f TGGAGCCCAGCACTTAACAA Katiyar et al. [11]
FKS3r GTCCATCTCGGATGTTGCTA

FKS3-HS2 CG3-HS2f TTATGCAGAGGAACCTGCTC Blanchard et al. 2011 [12]
CG3-HS2r GTGCCATCGACAGTAAGTGA

Table 3
MLST profiles of the three Candida tropicalis isolates.

Strain MDR1 XYR1 SAPT2 SAPT4 ZWF1a ICL1

CNRMA13.526 1 1 3 1 1 1
CNRMA13.694 1 1 3 1 1 1
CNRMA13.778 1 1 3 1 1 1

Fig. 1. History of fungal infection and antifungal treatment. Site and date of isolation, species recovered from samples and antifungal susceptibility are indicated.
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On day 148, a surgical resection of vegetation was performed and the
patient underwent a surgical anuloplasty without replacement of the
heart valve. On day 163, liposomal amphotericin B IV (3 mg/kg/day)
was administered alone until day 178. Thereafter and for three months,
oral fluconazole (400 mg/day) was administered.

At the end of day 270 and after seven sequential blood cultures
were found negative, the patient was considered as cured.

3. Discussion

This case report illustrates the first mutation S645P in the hot spot
coding the beta glucansynthase target enzyme of the echinocandin in C.
tropicalis (Genbank accession number KP313858). On the
identification of species, all isolates were subcultured on
CHROMagar™ Candida medium (develeped by Becton Dickinson
GmbH, Heidelberg, Germany) to ensure purity and viability. Isolates
were identified at the species level by standard mycological procedures
including the assimilation patterns obtained with the commercialized
strips ID32C (developed by bioMérieux, Marcy-l′Etoile, France). For all
Candida albicans isolates a specific PCR amplification [15] was
performed to distinguish this species from C. dubliniensis. About
sequencing, parts of the Fks ORF, containing Hotspot 1 and 2
regions, were sequenced and analyze by using primers previously
described (Table 2).

The 7 MLST loci described by Tavanti et al. [12] for genotyping of
Candida tropicalis, were sequenced for the three isolates
(CNRMA13.526, CNRMA13.694, CNRMA13.778) (Table 3).
Sequences were compared with sequences available in the online
database [16]. The three isolates have same allelic profile suggesting
that they are genetically linked (Table 3). This profile is not known in
the MLST database.

In this case, a catheter was essential to the treatment of XDR TB.
But the patient was used to having heroin injected.

The recurrence of candidemia and the multiple species involved
were puzzling, probably explained by: a wide spectrum of antibiotics
and careful questioning of the patient uncovered the fact that through
the CVC, he had been injecting himself with heroin during hospitaliza-
tion.

Caspofungin was administered first because of the intrinsic azole
resistance of C. glabrata. It was prescribed again for the second
candidemia due to C. tropicalis, because of the high azole MICs of
the isolates and the absence of endocarditis based on normal trans-
thoracic cardiac ultrasound. During the third episode of candidemia, a
switch to voriconazole was decided because of the high caspofungin
MICs of C. albicans and C. tropicalis isolates and their susceptibility to
azoles. The discovery of fungal endocarditis led to a combination of
liposomal amphotericin B and flucytosine 15 days after surgical
anuloplasty, and then to liposomal amphotericin B alone (side effect
at flucytosine). Finally, oral fluconazole was administered for 3 months.

Echinocandin-susceptible and resistant genetically linked isolates
of C. tropicalis were recovered suggesting that the protein mutation
was due to the caspofungin treatment as already described for Candida
spp [17–19]. For C. albicans, this mutation has previously been
described in the literature [3] and associated with decreased in vitro
echinocandin susceptibility after caspofungin treatment but for C.
tropicalis, it is a novel missense mutation.

Even though endocarditis was diagnosed in September 2013, we
did not accept the indication for emergency operative intervention, the
reasons being that the patient was hemodynamically stable and that his
drug addiction and lack of cooperation during treatment rendered
cardiac surgery in our opinion inadvisable. Our decision may be
objectionable inasmuch as conventional recommendations on candi-
demia endocarditis specify that whenever feasible and whatever the
size of vegetation on the heart valve, emergency surgery should be
carried out to reduce inoculum levels and to restrict the growth of
resistant mutants.

Furthermore a CVC thrombosis was discovered by ultrasound, and
the heart vegetations probably provided an ideal environment for
biofilm formation, which is known to contain isolates exhibiting
antifungal drug resistance.

In conclusion, we describe a patient who experienced recurrent
infections due to common Candida species. His drug addiction and
prior antifungal treatments favored the emergence of resistance and of
multiple and sometimes mixed infections. Novel missense mutation in
the target FKS gene was uncovered for C. tropicalis isolates (Fig. 1).

Conflict of interest

Dr Grosset: None.
Dr Desnos-Ollivier: None.
Dr Godet: received consultancy or speaker fees, travel support from

Pfizer, Astellas, Gilead, MSD, Basilea, SOS Oxygene and ISIS Medical.
Dr Kauffmann- Lacroix: travel support from MSD.
Pr Cazenave-Roblot is the head of French infectious diseases society

and received consultancy or speaker fees, travel support from Janssen,
Pfizer, Astellas, Gilead, MSD.

Acknowledgments

Mrs. Anne Boullié and Catherine Blanc for technical assistance and
PF-8-Genotyping of Pathogens and Public Health, Institut Pasteur for
sequencing.

Jeffrey Arsham, an American medical translator, reviewed the
original English-language text.

References

[1] A. Fekkar, E. Dannaoui, I. Meyer, S. Imbert, J.Y. Brossas, M. Uzunov, et al.,
Emergence of echinocandin-resistant Candida spp. in a hospital setting: a
consequence of 10 years of increasing use of antifungal therapy?, Eur. J. Clin.
Microbiol. Infect. Dis.: Off. Publ. Eur. Soc. Clin. Microbiol. 33 (9) (2014)
1489–1496.

[2] E. Matsumoto, L. Boyken, S. Tendolkar, J. McDanel, M. Castanheira, M. Pfaller,
et al., Candidemia surveillance in Iowa: emergence of echinocandin resistance,
Diagn. Microbiol. Infect. Dis. 79 (2) (2014) 205–208.

[3] M.A. Pfaller, D.J. Diekema, D. Andes, M.C. Arendrup, S.D. Brown, S.R. Lockhart,
et al., Clinical breakpoints for the echinocandins and Candida revisited: integration
of molecular, clinical, and microbiological data to arrive at species-specific
interpretive criteria, Drug Resist. Updates: Rev. Comment. Antimicrob. Anticancer
Chemother. 14 (3) (2011) 164–176.

[4] M. Desnos-Ollivier, S. Bretagne, D. Raoux, D. Hoinard, F. Dromer, E. Dannaoui,
Mutations in the fks1 gene in Candida albicans, C. tropicalis, and C. krusei correlate
with elevated caspofungin MICs uncovered in AM3 medium using the method of
the European Committee on Antibiotic Susceptibility Testing, Antimicrob. Agents
Chemother. 52 (9) (2008) 3092–3098.

[5] G. Garcia-Effron, D.J. Chua, J.R. Tomada, J. DiPersio, D.S. Perlin, M. Ghannoum,
et al., Novel FKS mutations associated with echinocandin resistance in Candida
species, Antimicrob. Agents Chemother. 54 (5) (2010) 2225–2227.

[6] G. Garcia-Effron, D.P. Kontoyiannis, R.E. Lewis, D.S. Perlin, Caspofungin-resistant
Candida tropicalis strains causing breakthrough fungemia in patients at high risk
for hematologic malignancies, Antimicrob. Agents Chemother. 52 (11) (2008)
4181–4183.

[7] M.C. Arendrup, M. Cuenca-Estrella, C. Lass-Florl, W. Hope, EUCAST technical
note on the EUCAST definitive document EDef 7.2: method for the determination
of broth dilution minimum inhibitory concentrations of antifungal agents for yeasts
EDef 7.2 (EUCAST-AFST), Clin. Microbiol. Infect. : Off. Publ. Eur. Soc. Clin.
Microbiol. Infect. Dis. 18 (7) (2012) E246–E247.

[8] M. Desnos-Ollivier, F. Dromer, E. Dannaoui, Detection of caspofungin resistance in
Candida spp. by Etest, J. Clin. Microbiol. 46 (7) (2008) 2389–2392.

[9] S. Park, R. Kelly, J.N. Kahn, J. Robles, M.J. Hsu, E. Register, et al., Specific
substitutions in the echinocandin target Fks1p account for reduced susceptibility of
rare laboratory and clinical Candida sp. isolates, Antimicrob. Agents Chemother. 49
(8) (2005) 3264–3273.

[10] M. Desnos-Ollivier, S. Bretagne, D. Raoux, D. Hoinard, F. Dromer, E. Dannaoui,
European Committee on Antibiotic Susceptibility Testing, Mutations in the fks1
gene in Candida albicans, C. tropicalis, and C. krusei correlate with elevated
caspofungin MICs uncovered in AM3 medium using the method of the European
Committee on Antibiotic Susceptibility Testing, Antimicrob. Agents Chemother. 52
(9) (2008) 3092–3098. http://dx.doi.org/10.1128/AAC.00088-08 (Epub 2008 Jun
30).

[11] S. Katiyar, M. Pfaller, T. Edlind, Candida albicans and Candida glabrata clinical
isolates exhibiting reduced echinocandin susceptibility, Antimicrob. Agents

M. Grosset et al. Medical Mycology Case Reports 14 (2016) 20–23

22

ncbi:KP313858
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref1
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref1
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref1
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref1
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref1
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref2
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref2
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref2
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref3
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref3
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref3
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref3
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref3
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref4
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref4
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref4
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref4
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref4
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref5
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref5
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref5
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref6
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref6
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref6
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref6
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref7
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref7
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref7
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref7
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref7
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref8
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref8
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref9
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref9
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref9
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref9
http://dx.doi.org/10.1128/AAC.00088-,0,0,2
http://dx.doi.org/10.1128/AAC.00088-,0,0,2
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref11
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref11


Chemother. 50 (2006) 2892–2894.
[12] E. Blanchard, O. Lortholary, K. Boukris-Sitbon, M. Desnos-Ollivier, F. Dromer,

D. Guillemot, French Mycosis Study Group, Prior caspofungin exposure in patients
with hematological malignancies is a risk factor for subsequent fungemia due to
decreased susceptibility in Candida spp.: a case-control study in Paris, France,
Antimicrob. Agents Chemother. 55 (11) (2011) 5358–5361. http://dx.doi.org/
10.1128/AAC.00690-11 (Epub 2011 Aug 22).

[13] A.J. Zimbeck, N. Iqbal, A.M. Ahlquist, et al., FKS mutations and elevated
echinocandin MIC values among Candida glabrata isolates from U.S. population-
Based surveillance, Antimicrob. Agents Chemother. 54 (2010) 5042–5047.

[14] A. Tavanti, A.D. Davidson, E.M. Johnson, M.C. Maiden, D.J. Shaw, N.A. Gow, et al.,
Multilocus sequence typing for differentiation of strains of Candida tropicalis, J.
Clin. Microbiol. 43 (11) (2005) 5593–5600.

[15] S.M. Donnelly, D.J. Sullivan, D.B. Shanley, D.C. Coleman, Microbiology 145 (1999)

1871–1882.
[16] Maiden Jolley, Scalable analysis of bacterial genome variation at the population

level, BMC Bioinforma. 11 (2010) 595.
[17] E. Dannaoui, M. Desnos-Ollivier, D. Garcia-Hermoso, F. Grenouillet, S. Cassaing,

M.T. Baixench, et al., Candida spp. with acquired echinocandin resistance, France,
2004–2010, Emerg. Infect. Dis. 18 (1) (2012) 86–90.

[18] M. Lackner, M. Tscherner, M. Schaller, K. Kuchler, C. Mair, B. Sartori, et al.,
Positions and numbers of FKS mutations in Candida albicans selectively influence
in vitro and in vivo susceptibilities to echinocandin treatment, Antimicrob. Agents
Chemother. 58 (7) (2014) 3626–3635.

[19] D.S. Perlin, Resistance to echinocandin-class antifungal drugs, Drug Resist.
Updates: Rev. Comment. Antimicrob. Anticancer Chemother. 10 (3) (2007)
121–130.

M. Grosset et al. Medical Mycology Case Reports 14 (2016) 20–23

23

http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref11
http://dx.doi.org/10.1128/AAC.00690-,0,0,2
http://dx.doi.org/10.1128/AAC.00690-,0,0,2
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref13
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref13
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref13
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref14
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref14
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref14
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref15
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref15
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref16
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref16
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref17
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref17
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref17
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref18
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref18
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref18
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref18
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref19
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref19
http://refhub.elsevier.com/S2211-7539(16)30060-4/sbref19

	Recurrent episodes of Candidemia due to Candida glabrata, Candida tropicalis and Candida albicans with acquired echinocandin resistance
	Introduction
	Case
	Discussion
	Conflict of interest
	Acknowledgments
	References




