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Candida nivariensis is a recently described pathogenic yeast closely related to Candida glabrata. We developed
a specific set of oligonucleotide primers based on the internal transcribed spacer regions of the rRNA gene for
the rapid identification of C. nivariensis. PCR with these primers amplified a 206-bp amplicon from C.
nivariensis.

Invasive fungal infections are a major medical problem, par-
ticularly among immunocompromised hosts (9). The manage-
ment of invasive fungal infections has been hampered by the
inability to diagnose the infection at an early stage of disease.
However, diagnosis of these fungal infections remains difficult,
since the only clinical sign of infection may be a prolonged
fever that is refractory to antibacterial treatment. In recent
years, efforts have been made to develop molecular biology-
based methods for rapid diagnosis, which is crucial for the
treatment and recovery of patients suffering from systemic
candidiasis (8).

Yeasts are usually identified through a combination of mor-
phological features, ability to ferment selected sugars, and
performance of assimilation reactions on a relatively large
number of carbon and nitrogen compounds (6). Molecular
studies have shown that it is not uncommon for different
strains of a species to vary somewhat in their fermentation and
assimilation profiles, which can lead to misidentifications (10,
4). Molecular approaches are more promising than phenotypic
methods for the rapid detection and identification of patho-
genic organisms (2, 3, 7, 11, 12). The recently described species
Candida nivariensis differs somewhat from other known species
in relation to physiological reactions (1).

A total of 35 yeast isolates, including the three available
isolates of C. nivariensis, other relevant pathogenic yeasts, and
four reference strains, were included in this study. The three
isolates of C. nivariensis were identified as was described pre-
viously (1).

Extraction of nuclear DNA of the isolates was performed as
previously described (5). Two oligonucleotides (NIV-F [AGC
TCATCCTGGTTAGTTTCG] and NIV-R [CCCTCTTCG
TTTGTGTTTGT]) were designed after comparison of differ-
ent yeast rRNA sequences from the GenBank database. Nucleo-

tide-nucleotide BLAST (blastn) comparisons showed that the
only sequences that showed 100% identities with both primers
were the internal transcribed spacer (ITS) sequence of one
unidentified isolate deposited in the database (accession num-
ber AY787833.1) and the ITS sequences from the three iso-
lates of C. nivariensis (1). The set was synthesized by Roche
Diagnostics.

PCRs were carried out in 50-�l reaction volumes containing
about 0.05 ng of extracted DNA added to the PCR mixture
consisting of 1� reaction buffer [16 mM (NH4)2SO4, 67 mM
Tris-HCl (pH 8.8)], containing 0.2 mM of each of the de-
oxynucleoside triphosphates (Promega Corp., Madison, Wis.), 1.5
mM MgCl2, 10 pmol of each primer, and 1.25 U of Taq polymer-
ase (Bioline). DNA amplification was performed in a GeneAmp
PCR system 9700 thermocycler (PE Applied Biosystems. Foster
City, Calif.) using the following thermal cycling profile: one cycle
at 94°C for 5 min, followed by 30 cycles at 94°C for 30 s, at 64°C
for 30 s, and at 72°C for 45 s, with a final extension step at 72°C
for 10 min. After thermal cycling, 5 �l of each amplified product
was separated by electrophoresis on a 1% agarose gel, stained
with ethidium bromide, and visualized with UV light.

PCR products were purified using a QIAquick PCR purifi-
cation kit (QIAGEN, Hilden, Germany) according to the man-
ufacturer’s instructions. Then the PCR products were se-
quenced directly on an ABI PRISM 310 genetic analyzer using
a Big Dye terminator cycle sequencing ready reaction kit (Ap-
plied Biosystems Japan Co. Ltd., Tokyo, Japan) as recom-
mended by the kit manufacturers.

Simultaneous detection of NIV and NL amplicons by PCR.
We tested the suitability of our PCR protocol for the individual
amplification of each DNA fragment, NIV (206 bp) and NL
(650 bp) (5). For multiplex PCRs, a 5-�l aliquot of the DNA
suspension was added to 45 �l of the PCR mixture described
above, except that 20 pmol of each NL primer and 10 pmol of
each NIV primer were used. The NL primers were used as an
internal control to identify all species of fungus, while NIV
primers were used to specifically detect C. nivariensis. In order
to reduce the formation of nonspecific extension products, the
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protocol included a hot-start DNA amplification which was
carried out using the following thermal cycling profile: one
cycle at 94°C for 5 min, followed by 10 cycles at 94°C for 30 s,
at 63°C for 20 s, and at 72°C for 15 s, and another 25 cycles at
94°C for 30 s, at 53.7°C for 20 s, and at 72°C for 20 s, culmi-
nating with a final extension step of 3 min.

Using the newly designed primers, we were able to amplify
a 206-bp fragment, as expected, from the three strains of C.
nivariensis. In contrast, we failed to amplify the genomes from
the list of unrelated microorganisms listed in Table 1.

The ITS sequences of the three strains of C. nivariensis
revealed that they do not have intraspecies variation, although
further studies including new strains whenever detected will
display a more reliable variation measure. However, the inter-
species variation of C. nivariensis with other Candida species is
remarkable. Indeed, the assay based on our newly designed
primer set was optimized to yield the expected band for C.
nivariensis but not for any of the other species examined.

The species-specific primers for C. nivariensis presented here
provide a molecular diagnostic method that can be used, in
conjunction with current clinical tools, for the diagnosis of C.
nivariensis infections with greater confidence and accuracy.

Once the specific PCR for C. nivariensis was optimized, we
approached the development of a multiplex PCR assay for
detection of all fungal species and specific identification of C.
nivariensis. In this respect, we performed a double amplifica-
tion of the D1/D2 (large subunit rRNA gene) and NIV frag-
ments. Figure 1 shows an agarose gel illustrating typical results
obtained with the optimized multiplex PCR assay.

Amplification of the D1/D2 and NIV targets produced easily
identifiable bands consistent with their respective molecular
sizes (650 and 206 bp, respectively). The NIV fragments were
always amplified in the case of C. nivariensis strains but not in
the case of infections by other Candida spp. The D1/D2 frag-
ment was detected in all yeast strains.

To understand the clinical significance and epidemiological
role of C. nivariensis, it is very important to correctly identify
this yeast in clinical specimens. The method reported is a very
reliable assay for this purpose.
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FIG. 1. Agarose gel electrophoresis of multiplex PCR amplification
products D1/D2 (NL) and ITS1 (NIV). Lanes: M, 100-bp DNA ladder
(Roche Diagnostics, Mannheim, Germany); 1, C. albicans ATCC 90028;
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TABLE 1. Strains examined in this study and PCR
results using NIV primers

Species Straina NIV productb

C. nivariensis HC 4292-20T �
C. nivariensis HC 7609-30 �
C. nivariensis HC 5937-63 �
C. albicans ATCC 90028T �
C. albicans HC 6597-20 �
C. glabrata ATCC 90030T �
C. glabrata HC 9460-30 �
C. parasilopsis ATCC 22019T �
C. parasilopsis HC 0832-30 �
C. krusei ATCC 6258T �
C. krusei HC 6224-20 �
C. tropicalis HC 5531-30 �
C. tropicalis HC 3131-20 �
C. dubliniensis M-2/04/CC �
C. dubliniensis HC 5233-63 �
C. guilliermondii HC 5729-65 �
C. norvegensis HC 9912-97 �
C. famata HC 3771-38 �
C. lusitaniae HC 7524-38 �
C. globosa HC 438-88 �
C. famata HC 3771-88 �
Saccharomyces cerevisiae HC 5056-88 �
Kloeckera japonica HC 0618-48 �
Rhodotorula glutinis HC 7360-38 �
Geotricum capitatum HC 8488-20 �
Trichosporon asashii HC 7142-65 �
Trichosporon mucoide HC 1359-38 �
Cryptococcus humicola HC 7750-38 �
Cryptococcus neoformans HC 7613-95 �
Cryptococcus laurentii HC 5737-38 �
Candida sp. HC 6607-36 �
Candida sp. HC 0454-88 �
Candida sp. HC 8228-88 �
Candida sp. HC 6396-30 �
Candida sp. HC 5539-38 �

a T, type strain; ATCC, American Type Culture Collection; HC, Hospital
Universitario Nuestra Señora de Candelaria Cuture Collection, Tenerife, Canary
Islands, Spain.

b �, PCR product obtained; �, PCR product not obtained.
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