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Abstract
Background: Candida albicans, an important pathogen for
humans and animals, shares phenotypic features with
Candida dubliniensis, leading to misidentification. Thus, the
goal of this study was to apply a combination of phenotypic
tests for the differentiation of these cryptic species.

Methods and findings: Thirty-seven azole-resistant C.
albicans from animals and 03 C. dubliniensis from humans
were included in this study. Purity of strains was evaluated
on CHROMagar Candida™, on which both species present
green colonies. Then, phenotypic characterization was
performed based on the growth pattern on sunflower seed
agar, where C. albicans presents smooth colonies and C.
dubliniensis presents rough colonies, and esterase
production on Tween 80™ agar, which is positive for C.
albicans, forming an opacification zone, and negative for C.
dubliniensis. Molecular differentiation was performed with
primers CALF/CALR for the amplification of ITS1/ITS2
regions of rDNA, yielding an amplicon of 100 bp for C.
albicans, but not for C. dubliniensis. Of the 37 C. albicans, 35
showed green colonies on CHROMagar Candida Medium™,
36 presented smooth colonies on sunflower seed agar,
while 34 showed an opacification zone on Tween 80™ agar.
PCR yielded 100-bp-amplicons for all 37 C. albicans strains,
confirming their identification. Control strains of C.
dubliniensis showed the expected phenotypic features and
amplicons were not obtained for the specific PCR reaction.

Conclusions: The phenotypic methods used were not
absolutely effective, however, the combined observation of
smooth colonies on sunflower seed agar with an

opacification zone on Tween 80™ agar leads to a reliable
presumptive phenotypic identification of C. albicans.
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Introduction
Yeasts of the genus Candida are the main fungal pathogens

for humans and animals, and are important causes of
nosocomial infection. Even though C. albicans is still commonly
associated with superficial and deep infections, Candida
infections with non-C. albicans species has increased in recent
decades [1]. C. dubliniensis, for instance, was first described by
Sullivan et al. [2], from oral lesions of HIV-positive patients and,
since then, has been isolated from several other cases of human
infections [3,4], including fungemia [5]. Isolation of this species
from animals is rare, but C. dubliniensis has been recovered from
bird droppings [6] and the surface of ticks that had contact with
bird excrements [7].

C. albicans and C. dubliniensis are cryptic species and share
several phenotypic characteristics, as germ tube formation and
chlamydospore production, when grown on cornmeal agar [8].
Although some phenotypic characteristics slightly differ
between these species, definite differentiation of C. albicans and
C. dubliniensis relies on molecular methods [9,10].

Studies have shown that C. dubliniensis develops antifungal
resistance more promptly than C. albicans [11]. However, our
group has recovered azole-resistant C. albicans from several
animal species [12-15]. Therefore, this study aimed to reidentify
these isolates, focusing on evaluating the accuracy of combined
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phenotypic tests for the differentiation of C. albicans and C.
dubliniensis, using the polymerase chain reaction (PCR)-based
identification as gold standard.

Methods

Strains
The inclusion criteria used for the strains in this study were:

previous phenotypic identification as C. albicans and resistance
to azole derivatives. Thus, 37 C. albicans strains previously
stored in saline at 4°C in the culture collection of the Specialized
Medical Mycology Center (CEMM) of the Federal University of
Ceara; Brazil, were subcultured in Sabouraud broth, and
incubated at 35°C for 24 h. Then, the strains were subcultured
on Sabouraud agar and incubated at 35°C, for further 24 h. After
recovery, the purity of the strains was confirmed on
chromogenic agar and additional phenotypic tests were
performed to assure their identification as C. albicans. Three
strains of C. dubliniensis from human infections and C. albicans
ATCC 10231 were also included in the study as control strains.

Phenotypic methods

Germ tube test
After confirming the viability of the strains, the isolates were

tested for germ tube formation. One fungal colony was
inoculated in 0.5 ml of human serum and incubated at 37°C for a
period of 3 h. Every 30 minutes, a drop of the suspension was
observed under light microscopy at magnifications of 100x and
400x. Tubular fungal structures with parallel walls growing out of
blastoconidia, without constrictions, were compatible with germ
tubes. Both C. albicans and C. dubliniensis are capable of
forming germ tubes and true hyphae [2].

Micromorphological analysis on cornmeal agar
The strains were seeded on cornmeal agar supplemented with

Tween 80™ and incubated for 3 to 5 days, at room temperature
(28ºC). Then, the plates were observed under light microscopy
at magnifications of 100x and 400x, in order to analyze the
microscopic arrangement of each isolate and the production of
chlamydospores, which are characteristic of both C. albicans and
C. dubliniensis [2].

Growth on CHROMagar Candida medium™
The strains were grown on agar CHROMagar Candida™ (Difco

™) by streaking into quadrants. After incubation at 35°C, for 48
h, the chromogenic patterns of each tested strain were
observed. According to the manufacturer, colonies of C. albicans
and C. dubliniensis grown on this medium are green, after
incubation for 48 h [16].

Growth on sunflower seed agar
Growth on sunflower seed agar was evaluated for the

phenotypic differentiation of C. albicans and C. dubliniensis. The
strains were streaked, as described by Khan et al. [17], incubated

at 28°C, for three days, and daily observed to evaluate the
texture of the colonies. On this agar, C. albicans colonies have a
smooth texture, while those of C. dubliniensis have a rough
texture [17].

Esterase production on Tween 80™ agar
Strains were inoculated in duplicate on agar containing Tween

80™, as described by Slifkin [18], in order to evaluate the
production of esterases. The plates were incubated at 30°C for
up to 12 days and were daily observed for the presence of an
opacification zone around the point of inoculation. C. albicans
produces esterases, forming an opacification zone, after up to 5
days of incubation, whereas C. dubliniensis does not produce
these enzymes, hence opacification zones are not observed,
after 12 days of observation.

Molecular identification by polymerase chain
reaction (PCR)

Strains were grown on Sabouraud agar, for 48 hours, and
submitted to DNA extraction using the High Pure PCR Template
Preparation Kit (Roche™). After extraction, DNA was quantified
through Qubit™. The obtained DNA samples were subjected to
PCR, according to the methodology described by Ahmad et al.
[8], using species-specific primers to amplify specific ITS1 and
ITS2 regions of rDNA. For the identification of C. albicans, CALF
(5'-3'TGGTAAGGCGGGATCGCTT) and CALR
(5'GGTCAAAGTTTGAAGATATAC) primers were used. The PCR
reaction was performed in a final volume of 25 µL, containing 2
µL of each primer (50 pmol.µL-1), 5 µL of 1 mM dNTP mix
(Promega™), 0.25 U GoTaq® Hot Start Polymerase (Promega™), 5
µL 5X Green GoTaq® Flexi Buffer (Promega ™), 5 μL MgCl2
(Promega™), 3.95 µL of ultrapure water and 2 µL of DNA
template. Cycling conditions included initial denaturation at
95°C for 5 min, followed by 30 cycles at 95°C for 1 min, 55°C for
30 s and 72°C for 1 min, with final extension at 72°C, for 10 min.
After the reaction, amplicons were subjected to electrophoretic
run on 2% agarose gel, and 100bp-DNA bands were compatible
with C. albicans.

Results
Confirmatory phenotypic tests showed that all C. albicans

strains produced germ tubes in human serum and
chlamydospores on cornmeal agar. On CHROMagar Candida™,
35 (94.6%) strains were green, while two (5.4%) were blue.

As for the phenotypic differentiation, 36 (97.3%) strains
showed smooth colonies, when they were grown on sunflower
seed agar, while only one (2.7%) showed rough colonies (Figure
1A). Concerning the production of esterases on Tween 80™ agar,
34 (91.9%) strains produced an opacification zone, within five
days, whereas 3 (8.1%) did not produce an opacification zone,
after 12 days of incubation (Figure 1B).

Regarding the molecular identification, all 37 strains of C.
albicans showed the specific 100-bp-amplicon, after PCR
reaction, confirming the identification of the tested strains as C.
albicans (Figure 1C).
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C. dubliniensis control strains presented the expected
phenotypic features for the species, i.e., germ tube production
in human serum and chlamydospores on cornmeal agar, green
colonies on chromogenic agar, rough colonies on sunflower seed
agar (Figure 1A) and the absence of opacification zone on Tween
80™ agar, after twelve days of incubation (Figure 1B). As for the
molecular identification, the specific PCR reaction with C.
dubliniensis did not amplify any DNA sequence; hence, no
amplicons were obtained, confirming their identity.

Figure 1: Phenotypic and molecular tests for the
differentiation of Candida albicans and Candida dubliniensis.
A: Growth on sunflower seed agar: C. albicans shows smooth
colony (left), while C. dubliniensis shows rough colony (right,
arrow). B: Growth on Tween 80™ agar: C. albicans colonies
are surrounded by an opacification zone (upper and lower
left-arrows), after five days of incubation, while C. dubliniensis
does not present this opacification zone (upper and lower
right). C: Representative 2% agarose gel electrophoresis with
nine tested strains: Lane 01-100 bp molecular weight marker;
Lane 02-C. albicans ATCC 10231; Lane 03 – C. dubliniensis;
Lanes 04-12 - test strains confirming the identification as C.
albicans; Lane 13 – negative control. Note 100-bp-amplicons
are compatible with C. albicans.

Discussion
C. albicans and C. dubliniensis are phylogenetically related

species and share several phenotypic characteristics, often
leading to misdiagnosis. The use of several phenotypic
techniques has been proposed by different authors to accurately
identify these species [10,17,18]. However, in many cases, the
interpretation of these tests also relies on subjective
descriptions, such as changes in color tones on standard
chromogenic media or growth on hypertonic media [19]. C.
albicans is more prevalent than C. dubliniensis as commensal
and infectious agents of humans [20], and, apparently, C.
albicans shows greater virulence potential in animal models,
while C. dubliniensis shows greater ability to develop resistance
to antifungal agents [11]. Studies with strains from animals,

developed by our group, have detected the emergence of azole
resistance in Candida spp. recovered from several animal
species, especially C. albicans, demonstrating the importance of
researches assessing this subject [12-15].

In this study, phenotypic methods were not absolutely
effective for the differentiation of C. albicans and C. dubliniensis.
However, the combined application of both methods (growth on
sunflower seed agar and Tween 80™ agar) allowed the reliable
presumptive identification of these cryptic species. Both
phenotypic tests were compatible with C. albicans in 33/37
strains. Although some strains did not present the expected
pattern for the species, none of the 37 tested C. albicans
simultaneously showed atypical phenotypic behavior in both
phenotypic tests. This association of tests seems to be an
interesting tool to resolve the diagnostic confusion between
yeast species, especially in small and medium routine diagnostic
laboratories without access to molecular techniques.
Furthermore, our findings show that the tests previously used
for the identification of the strains were sufficiently accurate,
since all isolates were confirmed as C. albicans by molecular
biology.

Thus, our study shows that the application of classical
methods in the identification of these cryptic species, including
color and aspect on chromogenic agar and germ tube and
chlamydospore formation, is important to identify Candida
strains as C. albicans/C. dubliniensis. Moreover, the combined
assessment of growth on sunflower seed agar and Tween 80™
agar improves the accuracy of phenotypic identification for the
differentiation of C. albicans and C. dubliniensis.
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