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Abstract The presence of the cryptic species belong-

ing to theCandidaglabrata complexhasnot been studied

in Argentina. We analyzed a collection of 117 clinical

isolates of C. glabrata complex belonging to a National

Culture Collection of Instituto Nacional de Microbi-

ologı́a ‘‘Dr. Carlos G. Malbrán’’ from Argentina (40

isolates from blood samples, 18 from other normally

sterile sites, 20 from vagina, 14 from urine, 7 from oral

cavity, 3 from catheter, 1 from a stool sample and 14

isolateswhoseclinical originwasnot recorded).Theaims

of this work were to determine the prevalence of the

cryptic species Candida nivariensis and Candida

bracarensis and to evaluate the susceptibility profile of

isolates against nine antifungal drugs. Identification was

carried out by using classical phenotypic tests,

CHROMagarTM Candida, PCR and MALDI-TOF. The

minimal inhibitory concentrations of amphotericin B,

5-fluorocytosine, fluconazole, itraconazole, voricona-

zole, ketoconazole, posaconazole, caspofungin and

anidulafungin were determined according to the EDef

7.3 (EUCAST) reference document. Of the 117 isolates,

114 were identified as C. glabrata and three as C.

nivariensis by using PCR andMALDI-TOF. There were

no major differences between C. nivariensis and C.

glabrata susceptibility profiles. No resistant strains were

found to echinocandins. We have found that the

percentage of C. nivariensis in our culture collection

was 2.56. This is the first description of C. nivariensis in

Argentina, and data obtained could contribute to the

knowledge of the epidemiology of this cryptic species.
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Introduction

Candida glabrata is considered a species complex

since the description of two separate cryptic species

named Candida nivariensis and Candida bracarensis
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in 2005 and 2006, respectively [1, 2]. C. glabrata

sensu stricto together with this two newly described

species are the only three human pathogens of the

Nakaseomyces clade and have been associated with

bloodstream infections, invasive and oral candidiasis,

urinary tract infections and vulvovaginitis [3–6].

Despite its clinical importance, data about the epi-

demiology of these species are scanty partly due to the

inability of classical identification methods to differ-

entiate them. As the identification methods shifted to

molecular-based techniques [7], reports about the low

prevalence of these species in North American,

European and Asian culture collections (between

0.06 and 2.1 %) started to be published [8–10]. C.

glabrata sensu lato is the third and fourth causative

agent of fungal bloodstream infections in South

America and in Argentina, respectively [11, 12].

Recently, Figueiredo-Carvalho reported the first iden-

tification of C. nivariensis in Brazil [13], however

until now, little is known about the prevalence of the

C. glabrata cryptic species in Latin America.

The aims of this study were to determine the

percentage of C. bracarensis and C. nivariensis in an

Argentinean culture collection of C. glabrata complex

isolates using phenotypic, polymerase chain reaction

(PCR) and matrix Assisted Laser Desorption Ioniza-

tion Time of Flight (MALDI-TOF) methods and to

determine the in vitro activity of nine antifungal

agents by using microbroth dilution method.

Materials and Methods

Isolates

A total of 117 clinical isolates phenotypically identi-

fied as C. glabrata and conserved in the Culture

Collection of the Department of Mycology (DMic) of

the Instituto Nacional de Enfermedades Infecciosas

‘‘Dr. Carlos G.Malbrán’’ (Argentina) were included in

this study. All the isolates represented unique clinical

isolates obtained from different patients and were

randomly derived between 1984 and 2013 by the

laboratories enrolled in the Argentinean National

Mycology Laboratory Network. The collection

included 40 isolates from blood samples, 18 from

other normally sterile sites, 20 from vagina, 14 from

urine, 7 from oral cavity, 3 from catheter, 1 from a

stool sample and 14 isolates whose clinical origin was

not recorded. C. glabrata sensu stricto ATCC 2001

(CBS 138) and ATCC 90030 were used as control

strains.

Phenotypic Identification

Isolates were subcultured on CHROMagarTMCandida

medium (CHROMagar Candida, Paris, France) and

incubated for 48 h, and then colony colors were

recorded. The classical phenotypic identification was

performed to confirm previous results using standard

procedures methods, including the assimilation of 19

carbons and two nitrogenous compounds by auxano-

graphic method, fermentation of six carbohydrates,

growth at 28 and 37 �C, urea hydrolysis and morpho-

logical features [14].

Genotypic Identification

Genotypic identification was achieved by PCR-based

assay using a single primer pair targeting the RPL31

gene that allows discrimination between C. glabrata,

C. bracarensis and C. nivariensis according to the size

of the generated amplicon proposed by Enache-

Angoulvant et al. [7]. The pair of primers used in this

protocol (RPL31cgF [5’-GCCGGTTTGAAGGACGT

TGTTACT-3’] and RPL31cgR [5’-GAACAATG

GGTTCTTGGCGT-3’]) allows to differentiate the

species of the complex by the length of the fragments:

1,061 bp for C. glabrata, 902 bp for C. bracarensis,

665 bp forC. nivariensis. The conditions for the touch-

down PCRwere: 3 min at 95 �C; 3 cycles, with 1 cycle
consisting of 30 s at 95 �C, 30 s at 62 �C, and 30 s at

72 �C; 3 cycles, with 1 cycle consisting of 30 s at

95 �C, 30 s at 58 �C, and 30 s at 72 �C; 3 cycles, with
1 cycle consisting of 30 s at 95 �C, 30 s at 55 �C, and
30 s at 72 �C; 3 cycles, with 1 cycle consisting of 30 s

at 95 �C, 30 s at 50 �C, and 30 s at 72 �C; 35 cycles,

with 1 cycle consisting of 30 s at 94 �C, 30 s at 50 �C
and 30 s at 72 �C; and a final extension step of 10 min

at 72 �C.
The isolates identified as C. nivariensis were

confirmed by amplification and sequencing of the

internal transcribed spacer regions ITS1-5.8S-ITS2

and the D1/D2 domains of 26S rRNA by using the

procedure described by Taverna et al. [15]. The

amplification of ITS region was done using the

primers ITS1 (5’-TCCGTAGGTGAA-CCTGCGG-

3’) and ITS4 (5’-TCCTCCGCTTATTGAT-ATGC-
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3’) using the following parameters: 95 8C for 7 min,

followed by 40 cycles at 95 8C for 1 min, 54 8C for

2 min, 72 8C for 1 min and a final extension at 72 8C
for 10 min. The amplification of D1/D2 region of 26S

rDNA, was done with the primers NL1 (50-GCATAT-
CAATAAGCGGAGGAAAAG-30) and NL4 (5’-GG

TCCGTGTTTCAAGACGG-3’) using the parame-

ters: 95 8C for 7 min, followed by 40 cycles at

95 8C for 1 min, 53 8C for 2 min, 72 8C for 1 min and

a final extension at 72 8C for 10 min. The PCR

products were sequenced in the forward and reverse

directions using the initial amplification primers and

an automated DNA sequencer (Genetic Analyzer

3500, Applied Biosystems). Sequence similarity was

obtained using either the BLASTN tool of the National

Center for Biotechnology Information (NCBI) website

(ncbi.nlm.nih.gov/BLAST/). The identity of each

isolate was determined based on the comparisons

with the sequences of the type species of the complex.

MALDI-TOF Identification

Identification by MALDI-TOF was performed using

on-plate protein extraction method with 70 % formic

acid and a-cyano-4-hydroxycinnamic acid matrix.

Each sample was tested in duplicate to ensure spectra

reproducibility. The protein profile of each specimen

with an m/z of 2.000–20.000 was generated based on a

minimum 240 laser shot measurements. Analysis was

performed using MALDI BiotyperTM 3.1 software,

and the identifications were performed using the score

value of C2.0 for highly probable species identifica-

tion (Bruker Microflex LT system).

Antifungal Susceptibility Testing

Antifungal susceptibility tests were carried out by

determining the minimal inhibitory concentration

(MIC) according to the European Committee on

Antimicrobial Susceptibility Testing (EUCAST) EDef

7.3 reference document [16]. All isolates were tested

against anidulafungin, fluconazole and voriconazole

(Pfizer, Buenos Aires, Argentina), itraconazole, keto-

conazole, 5-fluorocytosine and amphotericin B

(Sigma-Aldrich, Buenos Aires, Argentina), caspo-

fungin and posaconazole (Merck, Buenos Aires,

Argentina).

The interpretative clinical breakpoints recently

proposed for the EUCAST document were used: For

fluconazole, isolates were classified as susceptible

MIC B0.002 mg/L, intermediate MIC [0.002–

32 mg/L or resistant MIC [32 mg/L; for anidula-

fungin, isolates were classified as susceptible MIC

B0.06 mg/L or resistant MIC [0.06 mg/L; mean-

while, for amphotericin B, isolates were classified as

susceptible MIC B1 mg/L or resistant MIC[1 mg/L

[17]. Taking into account that the EDef 7.3 does not

currently include breakpoints for all the antifungal

drugs tested in our study, no categorical interpretation

of results is available; thus, the MIC value obtained

was showed. The range, mode, MIC50 andMIC90 were

calculated. Candida parapsilosis ATCC 22019 and C.

krusei ATCC 6258 were used as control strains.

Results

Classical Phenotypic Tests and CHROMagar

Candida

All the 117 isolates showed white, shiny, smooth,

entire and butyrous colonies on Sabouraud dextrose

agar. After growing 7 days in 5 %malt extract broth at

28 �C, cells were subglobose to ovoid and no produc-

tion of hyphae or pseudohyphae was observed. All the

isolates fermented and assimilated glucose and tre-

halose, grew at 28 and 37 �C and not hydrolyzed urea.

Assimilations results for sucrose, L-sorbose, meli-

biose, raffinose, galactose, lactose, maltose, melezi-

tose, cellobiose, L-rhamnose, D-xylose, L-arabinose,

D-ribose, D-mannitol, inositol, erythritol, citrate and

NO3K and fermentations results for D-galactose,

maltose, sucrose and lactose were negative.

On CHROMAgarTM Candida 114 (97.44 %) iso-

lates produced mauve colonies, while three isolates

(DMic 962066, DMic 962070 and DMic 134582)

showed white colonies (2.56 %) (Fig. 1A).

Genotypic Identification

Using PCR assay targeting the RPL31 gene, 114

isolates were identified as C. glabrata sensu stricto and

three isolates (DMic 962066, DMic 962070 and DMic

134582) were identified as C. nivariensis. (Fig. 1 B).

No C. bracarensis were found. (Fig. 1B). The identi-

fication of these three isolates was confirmed by ITS1

5.8S and ITS2 regions and D1/D2 domains sequencing

(Table 1). The sequences of the both regions of the
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A

B

C

113888
C. glabrata

(score: 2.271)

134582
C. nivariensis
(score: 2.115)

962066
C. nivariensis
(score: 2.18)

962070
C. nivariensis
(score: 2.126)

993100
C. glabrata

(score: 2.313)

993211
C. glabrata

(score: 2.192)

Fig. 1 a Colonies on CHROMagar Candida medium: 1–2 C.

nivariensis (white colonies); 3–4 C. glabrata (mauve colonies).

Protein profiles obtained for isolates of C. nivariensis (DMic

962066, 962070 and 134582) and isolates of C. glabrata

(962064, 962069, 962072). b Agarose gel electrophoresis of

PCR products obtained with the primers RPL31. Lanes: 1–3, C.

nivariensis (665 bp) corresponding to DMic 962066,962070

and 134582, respectively; 4–6, C. glabrata (1061 bp) corre-

sponding to DMic 993147, ATCC 90030 and ATCC 2001,

respectively; 7, negative control; M, 100-bp DNA ladder.

c Protein profiles obtained for isolates of C. nivariensis (DMic

962066, 962070 and 134582) and three isolates of C. glabrata

(993211, 993100, 113888)

Table 1 Clinical origin and identification of the three C. nivariensis clinical isolates and C. glabrata control strains

Strain number Year of

isolation

Source CHROM

agar

Biochemical

identification

MALDI-TOF

identification

(score)

PCR

identification

Genbank accession number

D1/D2 ITS

DMic 962066 1996 Unknown White C. glabrata C. nivariensis

(2,18)

C. nivariensis KP050696

(identical

sequences)

KP050697

(identical

sequences)

DMic 962070 1996 CAPBD White C. glabrata C. nivariensis

(2126)

C. nivariensis

DMic 134582 2013 Double

renal

catheter

White C. glabrata C. nivariensis

(2115)

C. nivariensis

ATCC 2001 – – Mauve C. glabrata C. glabrata

(2099)

C. glabrata

ATCC 90030 – – Mauve C. glabrata C. glabrata

(2209)

C. glabrata

DMic Departamento Micologı́a Collection; CAPBD continuous ambulatory peritoneal bag dialysis
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isolates showed 100 % similarity to each other and to

the sequences of C. nivariensis type strain CBS 9983

(GenBank accession number KP050697 (723bp) for

ITS and KP050696 (591 bp) for D1/D2 domains).

Proteomic Identification

The MALDI-TOF methodology identified 114 C.

glabrata isolates and three (DMic 962066, DMic

962070 and DMic 134582) as C. nivariensis. All the

isolates of C. glabrata and C. nivariensis were

identified with scores higher than 2.0 (Fig. 1C).

Different peaks at 5500 and 11000 Da are observed

as subtle differences when comparing the profiles ofC.

nivariensis with those obtained for C. glabrata

(Fig. 1C).

Antifungal Susceptibility Testing

All strains identified as C. glabrata showed interme-

diate MICs to fluconazole (0.015–16 mg/L), suscep-

tible MICs to amphotericin B (B1 mg/L) and

susceptible MICs to anidulafungin (B0.06 mg/L).

For amphotericin B, we observed that 113 strains of

C. glabrata showed MIC B0.13 mg/L and one strain

yielded a value of MIC 1 mg/L.

The MIC values of C. nivariensis for antifungal

agents were similar to those obtained for C. glabrata.

All the strains had the same MIC value for fluconazole

(4 mg/L), caspofungin and anidulafungin (0.06 mg/

L). For the rest of antifungal, the values ranges were as

follows: amphotericin B (0.5–1 mg/L), voriconazole

(0.06–0–13 mg/L) and ketoconazole, itraconazole,

posaconazole e itraconazole (0.13–0.25). The accu-

mulative percentage of inhibition for each antifungal

agent is showed in Table 2.

Discussion

The cryptic species of theC. glabrata species complex

represent a small percentage among the isolates

phenotypically identified as C. glabrata worldwide

[8]. Our results show that Argentina is not an

exception since C. nivariensis only signified a

2.56 % (3/117) of all the studied isolates. Comparing

our results with those obtained for other culture

collections, similar percentage of C. nivariensis were

Table 2 Minimal Inhibitory Concentration distribution of antifungal drugs tested against Candida glabrata (114) clinical isolates

Drugs

MIC distribution

(mg/L)

Accumulative percentage of isolates inhibited (number of isolates)

0.015 0.03 0.06 0.13 0.25 0.5 1 2 4 8 16 32 64

Amphotericin B 0.87

(1)

7.01

(7)

13.15

(7)

33.33

(23)

72.80
(45)

99.12

(30)

100 (1) – – – – – –

5-Fluorocytosine – 0.87

(1)

– 96.49
(109)

97.36

(1)

– 98.24

(1)

– 100 (2) – – – –

Fluconazole 3.50

(4)

– – 30.70
(31)

35.08

(5)

46.49

(13)

67.54

(24)

82.45

(17)

92.98

(12)

96.49

(4)

100

(4)

– –

Itraconazole 41.22
(47)

57.01

(18)

74.56

(20)

88.59

(16)

96.49

(9)

100 (4) – – – – – – –

Voriconazole 37.71
(43)

60.52

(26)

85.08

(28)

93.85

(10)

96.49

(3)

100 (4) – – – – – – –

Ketoconazole 17.54

(20)

47.36

(34)

78.07
(35)

90.35

(14)

93.85

(4)

100 (7) – – – – – – –

Posaconazole 32.45
(37)

53.50

(24)

81.57

(32)

92.98

(13)

100 (8) – – – – – – – –

Anidulafungin 45.61
(52)

86.84

(47)

100

(15)

– – – – – – – – – –

Caspofungin 8.77

(10)

12.28

(4)

19.29

(8)

31.57

(14)

100
(78)

– – – – – – – –

Numbers in bold faces indicate the modal value

MIC minimal inhibitory concentration
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described in a Chinese fungal collection (2.32 %) [4],

while lower prevalence was reported in Malaysia and

USA (1.08 % and 0.2 % respectively) [9, 10]. On the

other hand, in Italian and Spanish culture collections

no C. nivariensis isolates were found [8, 18].

In the present study it is worthy of mention that two

of the C. nivariensis isolates were collected in 1996

and the third in 2013. Thus, these isolates in 1996 may

be the oldest circulating strains that have been

reported.

One of the C. nivariensis isolates in our study was

recovered from a continuous ambulatory peritoneal

dialysis bag and other from a double renal catheter, and

there were no data about the origin of the third clinical

isolate. The isolates of this species have been reported

from vagina, blood, urine, oropharyngeal, stool and

lower respiratory tract [1, 3, 4, 9, 10, 13, 19–21]. In

2008, Borman reported a strain isolated from an exit

site swab of a patient with continuous ambulatory

peritoneal dialysis (CAPD), while Fujita and Lopez-

Soria also reported isolates of this species from

catheter, but not renal type. [21–23].

No clinical data on patients with isolates in 1996.

Isolation of 2013 came from a patient with urinary tract

infection and breast cancer. With the exception of

Sanata who described this agent in stool of asymp-

tomatic patients, the findings of C. nivariensis always

have been related to patients with patients with some

degree of immunosuppression. [1, 3, 4, 9, 10, 13,

19–24].

In our study, no C. bracarensis were found in

agreement with other studies in different countries that

indicates that the prevalence of this species is even

lower than C. nivariensis [4, 10, 25, 26].

The classical phenotypic tests were not able to

differentiate between C. glabrata and C. nivariensis

isolates. In addition, the three C. nivariensis isolates

found were able to ferment trehalose within 5 days of

incubation oppositely to what was published by

Wahyuningsih [20], whose isolates showed clear

fermentation of trehalose only at 6th–7th day, but in

accordance with the biochemical profile of the type

strain described by Alcoba-Florez [1] who reported

that this species ferments trehalose.

On the other hand, CHROMagar TM Candida

proved to be a good screening method to differentiate

C. nivariensis from C. glabrata. This characteristic

was also observed by other authors [13, 19, 25, 27].

Proteomic and molecular methods easily differen-

tiate C. nivariensis from C. glabrata (Fig. 1). In the

case of MALDI-TOF, the reliable identification at the

species level of yeasts has been proposed scores below

2.0 [28, 29]; however, although C. nivariensis and C.

glabrata are genetically closely related species, we

obtained good levels of identification allowing iden-

tification to species with score greater than 2.0. Our

results are opposite to those found by Pinto who

described the identification of both cryptic species, but

in some cases with values lower than 1.7 [28].

For C. glabrata species complex, resistance to

fluconazole and other azoles is an unresolved problem

that limits the use of azoles in treatment [30–32]. To

remark, in the present study no resistance to flucona-

zole was observed. Also all strains were susceptible to

amphotericin B and anidulafungin.

Oppositely to what were described by Fujita [21],

Figueiredo-Carvalho [13], and Borman [22], our C.

nivariensis isolates showed low fluconazole and

5-fluorocytosine MIC values following EUCAST

protocol. These results are similar to those described

by others authors, including breakpoints values for

amphotericin B and other azoles. [4, 10, 20, 23].

Candida nivariensis is considered an emerging

pathogen highly difficult to identify by conventional

methods. Molecular methods and/or MALDI-TOF are

required for its identification. In this study, the MIC

values obtained were similar to those obtained with C.

glabrata sensu stricto. These three C. nivariensis

isolates could be the first reported in Argentina, and

data obtained contribute to the knowledge of the

epidemiology of this cryptic species.
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