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The performance of a visual slide-based DNA microarray for the identification of non-albicans Candida spp. was evaluated.
Among 167 isolates that had previously been identified by Vitek 2, the agreement between DNA microarray and sequencing re-
sults was 97.6%. This DNA microarray platform showed excellent performance.

Candida species are the predominant cause of systemic fungal
infections in hospitalized patients and represent the fourth

most common microorganisms found in blood cultures (1, 2). In
a large, laboratory-based study conducted in Brazilian hospitals,
the incidence of candidemia was found to be 2.49 cases per 1,000
patient admissions (3), which is higher than that in the United
States (0.28/1,000), Europe (0.2/1,000), or France (0.17/1,000)
(4–7). In our setting, the reported candidemia incidence was 0.54
cases per 1,000 patient days, with 56% non-albicans Candida spp.
(8). An increase in the proportion of non-albicans Candida spp.
has been observed worldwide with distinctive patterns of antifun-
gal susceptibility (9, 10).

The development of automated microbiology systems has rep-
resented a significant improvement in the identification of Can-
dida spp. However, their diagnostic accuracy has been reported to
range from 43 to 95% (11–20). Considering the frequency of oc-
currence, the high mortality rate, and the susceptibility patterns of
non-albicans Candida spp., novel point-of-care molecular tech-
nologies are urgently needed in clinical practice. Our study eval-
uated the ability of a novel plastic slide-based DNA microarray to
identify non-albicans Candida spp. isolated from blood cultures.

(Partial results of this study were presented at the 18th Con-
gress of the International Society for Human and Animal Mycol-
ogy, Berlin, Germany, 2012.)

A retrospective cohort surveillance study was performed that
included 167 non-albicans Candida bloodstream infection isolates
obtained by the Mycology Section of the Hospital and Clinics of
the State University of Campinas from 2006 to 2010. Bact/ALERT
(bioMérieux, Marcy l’Etoile, France) and the Vitek 2 system (YST
REF 21343 154 card; Lab Equipment bioMérieux, Inc., Durham,
NC) were used for primary detection and identification, respec-
tively. Four American Type Culture Collection (ATCC) type
strains (Candida parapsilosis ATCC 22019, C. glabrata ATCC
MYA 2950, C. krusei ATCC 6258, and C. albicans ATCC 76615)
and C. dubliniensis CBS 7987 were included as control strains.

The novel DNA microarray platform was developed by the
Medical Mycology Research Center at Chiba University (MMRC-
Chiba) to identify the following 12 genera and 32 fungal species,
including 9 non-albicans Candida spp.: C. guilliermondii, C. lus-
itaniae, C. krusei, C. glabrata, C. parapsilosis, C. tropicalis, C. dub-
liniensis, C. famata, C. kefyr, C. albicans, Histoplasma capsulatum,

Coccidioides posadasii, Paracoccidioides brasiliensis, Blastomyces
dermatitidis, Cryptococcus spp., Trichosporon cutaneum, T. aster-
oides, T. inkin, T. asahii, T. faecale, T. mucoides, Malassezia furfur,
Aspergillus nidulans, A. terreus, A. niger, A. flavus, A. fumigatus,
Trichophyton rubrum, T. mentagrophytes, T. tonsurans, and Peni-
cillium marneffei.

For DNA microarray platform fabrication, the oligonucleotide
probes used, consisting of 14 to 20 species-specific nucleotide se-
quences with biotin-labeled poly(T) anchors at the end of each
nucleotide (Invitrogen, Showajima, Japan), were designed based
on the internal transcribed spacer (ITS) sequences (ITS1 and
ITS2) of the type strains (GenBank database, ATCC, Centraalbu-
reau voor Schimmelcultures [CBS], and MMRC-Chiba). Multi-
ple-sequence alignments were performed with the BioEdit soft-
ware (version 7.1.3; http://www.mbio.ncsu.edu/BioEdit/bioedit
.html). Conserved regions were also used as targets for genus-
specific probes or as controls. Four to 11 oligonucleotide probe
sequences were included for each Candida sp.; six probes were
designed for common sequences, and two were designed for bio-
tin labeling. The probe sequences were spotted onto a plastic slide
(NGK Insulators Ltd., Aichi, Japan) with a KCS minimicroarray
printer (Kubota Comps Corporation, Amagasaki, Japan).

For fungal identification, PCR assays with universal fungal
primers ITS1 (5=-TCCGTAGGTGAACCTGCGG-3=) and ITS4
(5=-TCCTCCGCTTATTGATATGC-3=) (Sigma-Aldrich, St. Louis,
MO) were used to amplify the ITS1 and ITS2 regions and the 5.8S
rRNA gene (21), followed by hybridization, conjugation, staining,
and direct visualization of specifically positioned spots on the slide
(Fig. 1). For DNA sequencing, the PCRs were performed with the
universal fungus-specific pairs ITS4 (5=-TCCTCCGCTTATTGA
TATGC-3=) and ITS5 (5=-GGAAGTAAAAGTCGTAACAAGG-3)
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(Sigma-Aldrich, St. Louis, MO), followed by purification with
ExoSAP-IT (Affymetrix USB, Cleveland, OH), and the products
were then sequenced with the BigDye Terminator reagent kit (Ap-
plied Biosystems, Foster City, CA) according to the manufactur-
er’s protocols on an ABI Prism 3100 genetic analyzer (Applied
Biosystems, Foster City, CA). The sequence data were assembled
with ATSQ version 6.0.1 software (Genetix Corporation, Tokyo,
Japan). The sequences obtained were then submitted to GenBank.

Of the 167 non-albicans Candida isolates tested, the new
MMRC-Chiba DNA microarray identified 163 (97.6%), Vitek 2
identified 161 (96.4%), and DNA sequencing identified all of
them (Table 1). The agreement between the DNA microarray and
sequencing results was 97.6%. The DNA microarray did not iden-
tify the following yeast strains: five C. orthopsilosis, one C. metap-
silosis, one C. lipolytica, one C. rugosa, one C. haemulonii, and one
Dipodascus capitatus. Of note, the MMRC-Chiba DNA microar-
ray identified one C. glabrata, one C. guilliermondii, one C. albi-
cans, and one C. kefyr isolate that were previously identified as
Candida spp. or non-albicans Candida spp. by Vitek 2. All 39 of the
Candida strains of the C. parapsilosis complex were identified as C.
parapsilosis. The probe sequences for C. haemulonii, C. rugosa, C.
lipolytica, and D. capitatus were absent from the platform’s com-
position.

Previous studies have demonstrated that conventional and
commercial systems frequently fail to identify the less common
species and to discriminate between closely related species (22,
23). Borman et al. (23) showed 18% misidentification in a large
surveillance study. Conversely, Leaw et al. (24) showed high sen-
sitivity and specificity of a DNA microarray platform of 100 and
97%, respectively, in a study including 452 isolates. More recently,

studies with blood culture isolates (18, 25, 26) identified optimal
assay parameters (Table 2). Fungal identification by the DNA mi-
croarray approach can reduce the time required for a diagnosis
(25) and allows the identification of mixed infections and rare

FIG 1 Representative hybridization patterns of C. albicans, non-albicans Candida spp., and a positive control. Each number represents a species-specific slide.
A group of specific hybridization spots is shown inside the circle, the remaining spots are representative of biotin hybridization (negative for others species), and
the positive control is shown inside the square. The positive control represents a sequence common to all fungal species.

TABLE 1 Molecular identification by DNA microarray compared to
that by DNA sequencing of non-albicans Candida yeasts previously
identified by Vitek 2

Yeast

No. (%) identified by:

%
AgreementVitek 2

DNA
microarraya

DNA
sequencing

C. tropicalis 66 (39.5) 66 (39.5) 66 (39.5) 100

C. parapsilosis complex 39 (23.3) 39 (23.3) 39 (23.3) 100
C. parapsilosis 39 (23.3) 33 (19.7) 85
C. orthopsilosis 5 (3.0)
C. metapsilosis 1 (0.6)

C. glabrata 34 (20.3) 35 (20.9) 35 (20.9) 100
C. krusei 11 (6.6) 11 (6.5) 11 (6.5) 100
C. guilliermondii 5 (2.9) 6 (3.5) 6 (3.5) 100
C. kefyr 3 (1.8) 4 (2.4) 4 (2.4) 100
C. dubliniensis 1 (0.6) 1 (0.6) 1 (0.6) 100
C. lipolytica 1 (0.6) 1 (0.6)
C. rugosa 1 (0.6) 1 (0.6)
C. haemulonii 1 (0.6)
D. capitatus 1 (0.6)
Not identified 6 (3.5) 4 (2.4)
a C. rugosa, C. lipolytica, and C. haemulonii were absent from the tested DNA
microarray slide.
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species with direct visual interpretation (24). Another aspect is
fungal identification to the species level, as well as susceptibility
pattern determination, directly from clinical blood samples (20).
Therefore, a multipathogen (fungi, viruses, and bacteria) DNA
microarray platform has been proposed for syndromic investiga-
tion in clinical settings (18, 27).

A DNA microarray for fungal identification should be vali-
dated in terms of cost effectiveness at the point of care compared
to others methodologies like Vitek 2 and the novel matrix-assisted
laser desorption ionization–time of flight mass spectrometry
(MALDI-TOF MS) method. Vitek 2 is accurate, useful, and user
friendly in routine laboratories (28). Although MALDI-TOF MS
requires expensive equipment, it presents low operational costs
(29). Studies addressing these issues should be performed in the
near future (30). The MMRC-Chiba DNA microarray platform
demonstrated excellent accuracy in the identification of non-albi-
cans Candida spp. The good agreement observed allows the pur-
suit of the next step, which consists of fungal identification di-
rectly in clinical samples. This approach can reduce the
turnaround time for cultures and should be evaluated in terms of
costs and benefits in the management of patients with a high risk
of candidemia.

Nucleotide sequence accession numbers. The sequences de-
termined in this study have been submitted to the NCBI Probe
database and assigned accession numbers Pr031796813 to
Pr031796896.
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