
First Case Report of Bloodstream Infection Due to a Candida Species
Closely Related to the Novel Species Candida pseudorugosa

Constanza Giselle Taverna,a Susana Córdoba,a Guillermina Isla,a Norma Fernández,b Susana García,c Mariana Mazza,a

Omar Alejandro Murisengo,a Walter Vivot,a Wanda Szusz,a Graciela Davel,a Iris Nora Tiraboschi,b and María Eugenia Bosco-Borgeata

Departamento Micología, Instituto Nacional de Enfermedades Infecciosas “Dr. Carlos G. Malbrán,” Ciudad Autónoma de Buenos Aires, Argentinaa; Sección Micología de la
División Infectología del Hospital de Clínicas “José de San Martín,” Ciudad Autónoma de Buenos Aires, Argentinab; and División Bacteriología, Departamento de
Bioquímica Clínica del Hospital de Clínicas “José de San Martín,” Ciudad Autónoma de Buenos Aires, Argentinac

Candida pseudorugosa is a novel species closely related to Candida rugosa for which only one case has been reported. We report
the first case of a bloodstream infection in humans caused by a Candida sp. closely related to C. pseudorugosa. We contribute
evidence to show this organism as a potential human pathogen that may be misidentified by conventional methods, also point-
ing out its lower sensitivity to azoles and other antifungal agents.

CASE REPORT

The patient was a 49-year-old woman from Buenos Aires, Ar-
gentina. She was diagnosed with glioblastoma multiforme and

underwent surgery twice in 2007. On 20 June 2008, the patient was
operated on for a new tumor at the Hospital de Clínicas “José de
San Martín.” During surgery, purulent material over and under
the dura mater was observed. This material was collected and sent
to the microbiology laboratory to be cultured. Four days later, the
patient got a central venous catheter, and empirical antibiotic
treatment with a combination of vancomycin (1 g every 12 h) and
meropenem (2 g every 8 h) was initiated. Propionibacterium acnes
was detected in the purulent material, and the antibiotic treatment
was changed to ampicillin, 3 g every 12 h. On 7 July, 17 days after
surgery, the patient developed a fever, so two blood samples were
taken by venipuncture and the catheter was removed, and all these
samples were sent to the microbiology laboratory. Yeasts were de-
tected in the blood samples cultured in Bact/ALERT 3D (bioMérieux,
Inc., Durham, NC) and in the catheter. Therefore, empirical antifun-
gal treatment was initiated with 400 mg/day of fluconazole. After 48 h
of incubation on CHROMagar Candida (CHROMagar Company,
Paris, France), two different colonies were isolated from each sample.
One of the colonies was pink, and the other one was blue (Table 1). All
isolates were identified as Candida rugosa by ID32C (bioMérieux,
Marcy l’Etoile, France). Code numbers for the pink and blue colony
isolates were 1300300015 and 1100300015, respectively. In vitro
antifungal susceptibilities to fluconazole and voriconazole were
determined using an agar diffusion test (Neo-Sensitabs, Rosco,
Denmark). The blue isolates were dose-dependent susceptible to
fluconazole (17 to 19 mm); the pink isolates were susceptible (24
to 27 mm). All isolates were susceptible to voriconazole (23 to 30
mm). In view of these results, after a 1-week treatment with flu-
conazole, amphotericin B deoxycholate was administered at doses
of 0.7 mg/kg/day for 14 days. After four and ten days of treatment,
blood cultures were negative. The patient improved and was dis-
charged. In September 2008, the patient’s condition recurred and
she died as a result of the new tumor.

All yeast isolates were sent to the National Reference Centre,
the Mycology Department of the National Institute of Infectious
Diseases “Dr. Carlos G. Malbrán,” to be further studied. Isolates
were reisolated on CHROMagar Candida to ensure purity and

viability. All isolates turned green after incubation at 28°C for 24
to 48 h, but after 48 h they turned blue (Table 1). Morphological,
physiological, and biochemical tests were performed according to
the standard methodology (42). These characteristics were similar
for all isolates, and they were identified as Candida rugosa. The
results of the tests were as follows. For morphological character-
istics, on YM agar (42) after 10 days at 28°C, the colonies were
butyrous, cream colored, wrinkled, and had a wavy margin; on
malt extract broth (42) after 3 days at 28°C, the cells became ovoid,
ellipsoid, or cylindrical and occurred singly, in pairs, or in chains;
in Dalmau plate culture on cornmeal agar (42), abundant pseu-
dohyphae developed after 3 days at 28°C. For physiological and
biochemical characteristics, fermentation was absent; glucose, ga-
lactose, D-xylose, D-glucosamine, N-acetyl-D-glucosamine, glyc-
erol, manitol, glucitol, DL-lactate, and succinate were assimilated;
L-arabinose was strongly or weakly assimilated; maltose and treh-
alose were not assimilated or weakly assimilated; L-sorbose, su-
crose, cellobiose, lactose, melibiose, raffinose, D-arabinose, D-ri-
bose, L-rhamnose, erythritol, galactitol, methyl-�-D-glucoside,
salicin, citrate, and myo-inositol were not assimilated; ribitol was
variably assimilated; nitrate was not assimilated. The urease test
was negative. Isolates grew well at 28, 35, 37, and 42°C but failed to
grow at 45°C.

Molecular characterization was performed by sequencing two
different variable regions of ribosomal DNA widely used in the
identification of yeast (4, 5, 12, 17, 18, 20, 23, 32): the ITS1-5.8s-
ITS2 region with primers ITS1/4 (40) and the D1/D2 domain of
the 26S rRNA gene with primers NL1/4 (40). Sequences were
identical for all isolates (for GenBank accession numbers, see Ta-
ble 1). The isolates were compared to sequences published in the
GenBank database (National Center of Biotechnology Informa-
tion, National Library of Medicine, Bethesda, MD) using the
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BLASTN program. The isolates showed 94% similarity for the
ITS1-5.8s-ITS2 region (24 nucleotide differences) and 99%
similarity for the 26S D1/D2 domain with the XH1164 strain (3
nucleotide differences), GenBank numbers DQ234792.1 and
DQ234791.1, respectively. Strain XH1164 (CBS10433) is the type
strain of the novel species Candida pseudorugosa, recently de-
scribed by Li et al. (22). Phenotypic characteristics of this type
strain were very similar to those observed in the isolates presented
in this study. The isolates also showed 100% and 99% similarity (1
gap difference) for the 26S D1/D2 domain with the C. pseudoru-
gosa-like strains MZKI K-259 and MZKI K-269, which were iso-
lated from subglacial ice by Butinar et al. (3), GenBank numbers
EU056285 and EU056286, respectively. On the basis of these data,
all isolates were finally identified as Candida spp. closely related to
C. pseudorugosa and were introduced in the Culture Collection of
the Mycology Department (DMic) (Table 1).

Phylogenetics analyses based on the ITS1-5.8S-ITS2 region
and the 26S D1/D2 domain sequences (Fig. 1) were performed by
neighbor-joining methodology using the MEGA 5.0 program.
The analysis of both regions showed that all our isolates fell in the
same group as the C. pseudorugosa XH1164 type strain and the
close relationship between this species and C. rugosa.

Antifungal susceptibility tests were carried out by determining
the MIC according to the European Committee on Antimicrobial
Susceptibility Testing (EUCAST) E.Def 7.1 reference document
(11). All isolates were tested against nine common antifungal
drugs (Table 2). According to EUCAST version 3.0 data points, all
isolates were resistant to fluconazole. Although there are no
breakpoints for the other antifungal agents, given the breakpoints
determined for other species, all isolates presented high MIC val-
ues against anidulafungin and low MICs values to all other drugs
(Table 2).

DMic strain no. 103839 was sent to the Fungal Biodiversity
Center, Centraalbureau voor Schimmelcultures (CBS), in The
Netherlands for identity confirmation. The strain was identified as
a new Candida species based on the sequences of the large subunit
(LSU) and the internal transcript spacer (ITS) 1 and 2 regions. The
most closely related species was Candida pseudorugosa F. Y. Bai
and Juan Li, with a 99% similarity with LSU and a 94% similarity
with ITS. The strain was deposited at the CBS culture collection as
CBS 12267.

Bloodstream infection (BSI) is the most important infection
caused by yeast due to its high mortality rate (7, 8, 10, 33, 41). All
over the world, different surveys have reported a rising number of

yeast-related BSIs in the last decade (2, 10, 30, 41). Furthermore,
Candida species are the fourth most common cause of hospital-
acquired bloodstream infection in the United States (10, 27, 30,
41). Although Candida albicans has shown to be the most frequent
species isolated from blood cultures (41), an increasing number of
BSIs caused by yeast species other than C. albicans have been re-
ported (27, 38, 41). Moreover, an emergence has been observed of
invasive candidiasis by less common Candida species, some of
which stand out due to their decreased susceptibility to azoles and
other antifungal agents (29). Some of these species appear to be
more prominent in some geographic regions than in others. For
example, Candida guilliermondii and C. rugosa seem to be isolated
mainly in Latin America (29); a significant number of C. rugosa
cases have also been reported from India (34), and Candida incon-
spicua and Candida norvegensis seem to be isolated mainly in Eu-
rope (29). In Argentina, two national surveillance studies on
yeast-related BSIs have shown that more than 50% of these infec-
tions were produced by species other than C. albicans (8, 33). Early
and accurate identification of yeast species is essential to imple-
ment an appropriate treatment and to avoid unnecessary drug
exposure in patients having, in general, other comorbidities. Ac-
curate yeast identification is also essential to understand the epi-
demiology of emerging fungal pathogens.

Candida pseudorugosa was described and reported by Li et al. in
2006 (22). These authors isolated two strains from the sputum of
an intensive care unit patient with acute pneumonia. The two
isolates described were not susceptible to several commonly used
antifungal agents.

All the isolates described in the present report were misidentified
when using commercial methods available for clinical laboratories.
On CHROMagar Candida medium, the first subculture of the iso-
lates produced pink colonies and blue colonies; all these colonies were
green in the subsequent subcultures and turned blue after 48 h (Table
1). This feature of color change during the incubation period has also
been observed in the yeast species Kodamaea ohmeri (21). These re-
sults may lead to the misidentification of the isolates as Candida albi-
cans/Candida dubliniensis (both green on CHROMagar) or Candida
tropicalis (blue on CHROMagar) in this medium. In the same way,
different colonial morphologies resembling Candida krusei or C. al-
bicans have been described for C. rugosa on CHROMagar (13, 14).
The isolates were also misidentified as C. rugosa by the ID32C com-
mercial method and by the phenotypic standard method. C. pseudo-
rugosa had also been misidentified as C. rugosa (22) by this method,
and this new species is not included in the databases of the phenotypic
methods.

The assimilation profile of the isolates presented some slight

TABLE 1 Strain features and GenBank accession numbers

Strain (DMic no.) Sample

Color in CHROMagar GenBank accession no.

First
subculture

Successive subcultures
at 48 h/after 48 ha ITS1-5.8S-ITS2 D1/D2 domain

103837 Catheter Pink Green/blue JF345209 JF345215
103838 Catheter Blue Green/blue JF345210 JF345216
103839 Blood Pink Green/blue JF345211 JF345217
103840 Blood Blue Green/blue JF345212 JF345218
103841 Blood Pink Green/blue JF345213 JF345219
103842 Blood Blue Green/blue JF345214 JF345220
a All the green subcultures turned blue after 48 h of incubation.
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differences with the C. pseudorugosa type strain profile. However,
various molecular studies have shown that phenotypic character-
istic may vary among strains of a single species and that different
species may share phenotypic profiles (16, 35). In contrast, DNA-

based identification methods, in particular gene sequencing, offer
a “constant” upon which species identification may be based (16).
In this sense, sequencing of ribosomal DNA has demonstrated to
be capable of identifying almost all pathogenic yeasts (4, 5, 6, 12,
17). Moreover, new species cannot be described without sequence
analysis since this analysis provides a more objective separation of
genera and species than the standard phenotypic method (9, 31,
36, 37, 39).

In order to accurately identify the isolates, we sequenced the
ITS regions and the 26S D1/D2 domain, which are the most widely
used regions for Candida species identification. In our compara-
tive analysis, the isolates showed 3 nucleotide differences with C.
pseudorugosa type strain XH1164 and zero or one gap difference
with the C. pseudorugosa-like strains MZKI K-259 and MZKI
K-269. In general, strains of a species show no more than 0 to 3
nucleotide differences (0% to 0.5%) in this domain, and strains
showing 6 or more noncontiguous substitutions (1%) are consid-
ered separate species (15). However, there are exceptions, and

FIG 1 Neighbor-joining tree based on the 26S rRNA gene D1/D2 domain (a) and ITS1-5.8S-ITS2 region (b). Bootstrap percentages from 2,000 replicates are shown in
each node. Scale bar indicates the number of differences. Reference sequences were retrieved from GenBank under the accession numbers shown in parentheses.

TABLE 2 MICs values of strains isolated from patients

Strain

MIC (mg/liter)a

AMB 5FC FCZ ITZ VCZ KTZ ANID CAS POS

103837 0.5 0.25 8 0.06 0.06 0.06 0.25 2 0.03
103838 0.25 0.5 8 0.06 0.06 0.03 0.5 1 0.03
103839 0.25 0.25 16 0.06 0.06 0.06 0.5 1 0.03
103840 0.5 0.25 8 0.06 0.06 0.06 0.5 1 0.03
103841 0.25 0.25 8 0.03 0.06 0.06 0.5 2 0.06
103842 0.25 0.25 8 0.06 0.06 0.03 0.25 1 0.06
a Tests were carried out according to the EUCAST E.Def 7.1 document. AMB,
amphotericin B; 5FC, 5-flucytosine; FCZ, fluconazole; ITZ, itraconazole; VCZ,
voriconazole; KTZ, ketoconazole; ANID, anidulafungin; CAS, caspofungin; POS,
posaconazole.
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species have been documented which have a �1% intraspecific
variability (15, 19). For the ITS regions, our comparative analysis
showed a 94% similarity (24 nucleotide differences) with the C.
pseudorugosa type strain. Unfortunately, there were no ITS1-5.8S-
ITS2 region sequences of the strains MZKI K-259 and MZKI
K-269 available in public databases. In the case of ITS regions,
Nilsson et al. (24) calculated the weighted intraspecific ITS vari-
ability in the fungus kingdom as 2.51% (standard deviation [SD],
4.57%) and the weighted intraspecific ITS variability in the Asco-
mycota phylum as 1.96% (SD, 3.73%). The wide spread in intras-
pecific variability that these authors observed testifies to the ap-
parent futility of trying to find a single fungal-wide cutoff value to
demarcate intraspecific from interspecific variability (24).

Our results and the CBS identification agree and might indi-
cate that the isolates may belong to a new Candida species. Nev-
ertheless, given that the close relationship observed with the C.
pseudorugosa type strain and that there is no more information
available about this species for further comparison, we thought
that more studies and the analysis of other genes are necessary to
resolve whether the isolates belong to a new species or a subspe-
cies.

Phylogenetic trees based on the 26S D1/D2 domain and the ITS
regions show similar results (Fig. 1). In both trees, the isolates
clustered with the Candida pseudorugosa type strain and show
their close relationship to C. rugosa. In addition, the 26S D1/D2
domain tree shows the isolates forming a subgroup with the C.
pseudorugosa-like strain MZKI K-259. In the same way, the C.
rugosa cluster shows different subgroups. These topologies may
indicate that further analyses are necessary to define if those sub-
groups represent variants of the same species or different species.

Candida rugosa has been cited as a potential emerging fungal
pathogen (25) that may be most common in Latin America (28,
29). Pfaller et al. (28) utilized the database of the ARTEMIS DISK
Antifungal Surveillance Program to describe 452 isolates of this
species. Their findings suggest that this species appears to be de-
veloping increased resistance to azole antifungal agents, especially
in certain geographic regions, and it most often causes BSI and
urinary tract infections in patients hospitalized in the medical and
surgical inpatient services. As the authors highlight, one limitation
of the survey was that most laboratories employed commercial
identification methods to identify the isolates, and these methods
may misidentify some species (29).

All the isolates present in this report were resistant to flucona-
zole; were susceptible to amphotericin B, voriconazole, itracona-
zole, and posaconazole; and exhibited high MIC values to anidu-
lafungin and caspofungin. Similar in vitro behavior against
echinocandins has been reported in some Candida species, such as
Candida parapsilosis and Candida guilliermondii (26). For these
species with elevated MICs to echinocandins, the clinical signifi-
cance is unclear and remains to be determined. Although they
may respond clinically to treatment, there might be no response
under conditions of decreased drug penetration. Thus, the more
conservative approach would be to consider these isolates as non-
susceptible to the echinocandins tested since there is insufficient
evidence to categorize them as resistant (1).

The C. pseudorugosa isolates described by Li et al. (22) seems to
be resistant to amphotericin B, caspofungin, itraconazole, and
nystatin; dose dependent to fluconazole; and susceptible to flucy-
tosine and voriconazole. The authors proposed the idea of an in-
trinsic antifungal-insusceptible property of this species to multi-

ple antifungal agents, since the isolates were recovered from
patients without previous antifungal treatment. This could be also
the case for our isolates, given that the patient did not receive
previous antifungal treatment. It is worthy of note that the other
close relative species, C. rugosa, may exhibit acquired resistance to
one or more of these antifungal agents commonly used in treat-
ment of the yeast BSIs (28).

We reported the first case of a bloodstream infection in hu-
mans caused by a Candida sp. closely related to C. pseudorugosa.
This paper provides evidence indicating this organism as a poten-
tial human pathogen that may have decreased susceptibility to
azoles and other antifungal agents.
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