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ABSTRACT: Studies on the fungal microbiota of reptiles and amphibians are necessary to better understand of host-microbe interactions and
the establishment of fungal disease in these animals. However, these studies are limited. The present researchidentified yeasts from free-ranging
reptiles and amphibians from the Caatinga biome andevaluated the virulence factors production, the antifungal susceptibility in planktonic and
biofilm growth and the pathogenicity of Candida famata isolates. Twenty-nine isolates of the genera Candida, Cryptococcus and Rhodotorula
were identified by phenotypic and/or molecular methods and production of hydrolytic enzymes in vitro by these genera of fungi was evaluated.
In addition, susceptibility of planktonic cells and biofilms to azoles and amphotericin B was evaluated. The pathogenicity of C. famata, the
most prevalent yeast species isolated, was evaluated using Caenorhabditis elegans model. C. famata was the most prevalent yeast in amphibian
and reptilian microbiota. Phospholipase and protease production was observed in 18/29 and 11/29 of the yeast isolates, respectively, while
100% formed biofilms. Itraconazole presented high minimal inhibitory concentrations against C. famata and C. tropicalis. Amphotericin B
reduced the biomass and metabolic activity of biofilms. C. famata induced the mortality of C. elegans. In conclusion, reptiles and amphibians
are colonized by yeasts capable of producing important virulence factors, especially by Candida spp. that present low susceptibility to azoles
which may result from imbalances in ecosystem. Finally, C. famata isolated from these animals presented high pathogenicity, showing the
importance of the study of reptile and amphibians fungal microbiota.
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Leveduras da microbiota de anfibios e répteis do bioma Caatinga no Ceara,
Nordeste do Brasil: alto potencial patogénico de Candida famata

RESUMO: Estudos sobre a microbiota fingica de répteis e anfibios sdo necessarios para melhor compreender as interagées hospedeiro-
microrganismo e o estabelecimento de doengas fingicas nesses animais. No entanto, esses estudos sdo limitados. O objetivo da presente
pesquisa foi identificar leveduras isoladas de répteis e anfibios do bioma Caatinga e avaliar a produgdo de fatores de viruléncia, a
sensibilidade a antifiingicos no crescimento plancténico e de biofilme e a patogenicidade de Candida famata. Vinte e nove isolados dos géneros
Candida, Cryptococcus e Rhodotorula foram identificados por métodos fenotipicos e/ou moleculares e a produgdo de enzimas hidroliticas in vitro
por esses géneros de fungos foi avaliada. Além disso, foi avaliada a suscetibilidade de células plancténicas e biofilmes a azolicos e anfotericina
B. A patogenicidade de C. famata, a espécie de levedura isolada mais prevalente, foi avaliada usando Caenorhabditis elegans. C. famata foi
a levedura mais prevalente na microbiota de anfibios e répteis. A producdo de fosfolipase e protease foi observada em 18/29 e 11/29 dos isolados
de levedura, respectivamente, enquanto 100% formaram biofilmes. O itraconazol apresentou altas concentragées inibitorias minimas contra C.
famata e C. tropicalis. A anfotericina B reduziu a biomassa e atividade metabdlica dos biofilmes. C. famata induziu a mortalidade de C.
elegans. Em conclusdo, répteis e anfibios sdo colonizados por leveduras capazes de produzir importantes fatores de viruléncia, especialmente
por cepas de Candida spp. que apresentam baixa suscetibilidade a azdlicos que podem resultar de desequilibrio no ecossistema. Por fim, C. famata
isolados desses animais apresentaram alta patogenicidade, mostrando a importancia do estudo da microbiota fiingica de répteis e anfibios.
Palavras-chave: herpetofauna, leveduras, antifingico, viruléncia, patogenicidade.

INTRODUCTION others (BORGES-LEITE; RODRIGUES; BORGES-
NOJOSA, 2014). As part of the studies focusing on

Herpetology is the strand of zoology that the understanding of the biology and health of these

studies amphibians and reptiles, by researches on animals, in free-ranging and captive conditions,
their evolution, biology, behavior, husbandry, among researches aiming the characterization of their
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bacterial (NOWAKIEWICZ et al., 2015; VEGA-
MANRIQUEZ et al., 2018; CARDOSO-BRITO
et al., 2019) and fungal (BENITES et al., 2013;
BRILHANTE et al., 2015a; SVEDESE et al., 2017)
microbibota have been performed. These studies
are essential to better understand the host-microbe
interactions, considering that bacteria and fungi from
the microbiota may become pathogenic, under specific
circumstances, including the occurrence of natural
and anthropogenic stressors in the environment
(HERNANDEZ-GOMEZ et al., 2020).

In this context, several fungal diseases in
reptiles and amphibians have been described, such as
gastrointestinal and pulmonary candidiasis in turtles
and Batrachochytrium dendrobatidis infections in
amphibians, which are responsible for the population
decline of several species (KOLBY et al., 2015;
BOSCH et al., 2017). However, studies on the fungal
microbiota of these animals are limited (BENITES et
al., 2013; BRILHANTE et al., 2015a).

Fungal pathogenicity is associated with the
production of virulence factors, such as phospholipases
and proteases, as well as biofilm formation. Many of
these factors have already been described in yeasts
from other animal species (SIDRIM et al., 2016;
ROCHA et al., 2017). In addition to these virulence
factors, decreased susceptibility to fluconazole,
itraconazole and amphotericin B has also been
described among yeasts from different animal
species, highlighting the importance of evaluating the
antifungal susceptibility of animal isolates (BENITES
et al., 2013; BRILHANTE et al., 2015a).

This study identified yeasts from free-
ranging reptiles and amphibians from the Caatinga
biome. Afterwards, phospholipase and protease
production and biofilm formation by these fungi were
evaluated, as well as their antifungal susceptibility
in planktonic and biofilm growth. Finally, the
pathogenicity of C. famata in Caenorhabditis elegans
infection model was also investigated.

MATERIALS AND METHODS

Strains

The yeasts of this study are part of
the fungal collection of the Specialized Medical
Mycology Center (CEMM) of Federal University of
Ceara (UFC). The genera Candida, Cryptococcus and
Rhodotorula were included. They were recovered
from the oral cavity and cloaca of free-ranging reptiles
and amphibians, and the skin surface of amphibians.
Samples were collected from seven reptile species
(Lygophis  dilepis, Boa constrictor, Micrurus

ibiboboca, Psomorphis jeobetis, Iguana iguana and
Tropidurus hispidus) and six amphibian species
(Rhinella granulosa, Rhinella jimi, Leptodactylus
latrans, Leptodactylus vastus, Leptodactylus sp. and
Pithecopus nordetinus). This study was carried out
under authorization of the Chico Mendes Institute
of Biodiversity (ICMBio) under protocol number
SISBIO-51820-1.

Phenotypic and molecular identification

Yeasts were grown on Sabouraud agar
supplemented with chloramphenicol, and, after 48
hours, colonies suggestive of Candida were seeded
on CHROMagar Candida® to verify their purity. The
yeasts were submitted to the following biochemical
tests: urease production on Christensen’s urea
agar; carbon and nitrogen assimilation. The yeast
micromorphology was then evaluated by Dalmau
slide culture on cornmeal-Tween-80 agar (DE HOOG
et al., 2000; KURTZMAN et al., 2010).

C. famata and C. parapsilosis colonies
were purified on CHROMagar Candida® and grown
on YEPD agar (1% yeast extract, 2% dextrose, 2%
peptone) and C. neoformans was grown on potato
dextrose agar. After 48 hour, an inoculum was
prepared from each sample in sterile milli-Q water
and submitted to DNA extraction. The genetic
material extraction was done with the High Pure PCR
Template Preparation kit (Roche Applied Science kit,
Germany) (CORDEIRO et al., 2018).

The method of TAVANTI et al. (2005) was
used for molecular identification of the cryptic species
of the C. parapsilosis complex. The amplification of
the SADH gene (5’-GTTGATGCTTTGGATTGT-3")
was carried out by polymerase chain reaction (PCR).
The products of this PCR were digested by the enzyme
Banl (TermoLab) for up to 16 h at 37 °C. Afterwards,
DNA products were analyzed by electrophoresis in
2% agarose gel to visualize the obtained digestion
patterns and identify the strains according to the
number and size of the DNA bands (CORDEIRO et
al., 2018).

C. famata complex was identified
according to FENG et al. (2014), by PCR
amplification  using  the  primers  ITS2F
(5’-GATGTATTAGGTAGGTTTATCCAACTCGT-3’)
and 26SR (5-TCATTTCAACCCCAATACCTC-3").
Afterwards, the amplicon was digested with BsaHI
and Xbal, at 37 °C, for up to 16 hours. Finally, the
digestion products were submitted to agarose gel
electrophoresis. C. famata presents three DNA
bands (447 bp, 375 bp and 290 bp), Debaryomyces
nepalensis four bands (447 bp, 375 bp, 214 bp and 76
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bp) and C. palmioleopbhila two bands (660 bp and
446 bp) (BRILHANTE et al., 2016a).

C. neoformans was identified according
to the methodology described by VELEGRAKI
et al. (2001) by the restriction fragment length
polymorphism (RFLP) of the amplicon of
the primers for the gene URAS5 (forward:
5’-ACGGTGAGGGCGGTACTATG-3’; reverse:
5’-AAGACCTCTGAACACCGTAC-3").C.
neoformans complex genotypes were identified
based on the obtained digestion pattern with the
Alul restriction enzyme at 37 °C, for up to 16 hours.
Digestion products were submitted to agarose gel
electrophoresis and restriction patterns were analyzed.

Phospholipase and protease production assay

The test was performed based on the
method described by SIDRIM et al. (2010). Egg
yolk agar medium, prepared with 2% Sabouraud
dextrose agar, supplemented with 1 mol/L of sodium
chloride, 0.05 mol/L of calcium chloride and 8%
sterile egg yolk emulsion, was used. The egg yolk
emulsion was preheated to 40 °C in a water bath
and then incorporated into the sterile medium. After
preparation, the medium was distributed into Petri
dishes (90 mm), forming a 4 mm layer. Thus, a fungal
inocula at a turbidity of 5 on McFarland scale were
prepared in 0.9% sterile saline solution, from yeast
colonies with 24 to 72 hours of growth. Then, 10 uL
of the inoculum were added to sterile filter paper disks
(5 mm) and placed on the surface of the agar. Finally,
the plates were incubated for seven days, with daily
observation, and reading was based on the measurement
of the precipitation zone (opaque halo) around the yeast
colony. Phospholipase activity was expressed as PHz,
which represents the ratio between colony diameter
and precipitation zone diameter (PRICE at al,
1982). When PHz = 1, the isolate was negative for
the production of extracellular phospholipases, but
if PHz <1, the isolate was positive for phospholipase
production, where PHz >0.64 indicates weak
enzymatic activity, while PHz <0.64 indicates strong
enzymatic production. C. albicans ATCC 10231 was
used as positive control for phospholipase production.

Protease  production was evaluated
according to CORDEIRO et al. (2015). For this
purpose, bovine serum albumin agar (BSA; Sigma,
USA) at pH 3.5 was used. For each tested yeast,
fungal inoculum in saline (0.9%) was adjusted to 5 on
McFarland scale, after which 10 pL of the inoculum
were added to sterile paper discs and transferred to
the surface of the BSA agar. Plates were incubated at
35 °C, for 5 days. The proteolytic activity was given

by PRz, defined as the ratio between the diameter of the
yeast colony and total diameter (colony plus proteolysis
zone). Thus, PRz <1 indicates the presence of
protease activity, while PRz = 1 indicates the absence
of enzymatic activity. C. albicans strain ATCC 10231
was used as positive control for protease production.

Biofilm formation

The method described by CORDEIRO et
al. (2015) was used for biofilm production. A total
of 29 isolates (Candida spp., C. neoformans and
Rhodotorula rubra) were used in this test. Yeast cells
were resuspended in RPMI 1640 broth (Sigma, USA)
and the suspension was adjusted to the concentration
of 1 x 10° cells/mL. Subsequently, 200 pL of the
inoculum were transferred to 96-well flat-bottomed
polystyrene plates, which were incubated at 35 °C
for 48 hours. Wells containing only culture medium
without inoculum were used as negative control. The
whole experiment was carried out in triplicate. After
the incubation, the supernatant was carefully aspirated,
and the wells were washed twice with PBS-Tween 20
(0.05%). Subsequently, the wells were washed with
100 pL of 100% methanol and the supernatant was
aspirated. After drying, 100 uL of 0.3% crystal violet
was added to each well. After 20 minutes, the dye
solution was aspirated, and the wells were washed
twice with sterile distilled water. Then, 150 pL of a
33% acetic acid solution was added to the wells and
left for 30 seconds. The volume was then transferred to
a new 96-well plate, which was read immediately using
a spectrophotometer at 590 nm to obtain optical density
(OD) values. The cutoff values (ODc) for the biofilm
formation assay were defined as three standard
deviations above the mean OD of the negative control.
Strains were classified as non-biofilm producers
(OD<ODc), weak producers (ODc<OD<2xODc),
moderate producers (2xODc<OD<4x0Dc) or strong
producers (OD>4x0ODc).

Planktonic antifungal susceptibility assay

To evaluate the antifungal susceptibility of
yeasts (Candida spp., C. neoformans and R. rubra,
n=29) in planktonic growth, the broth microdilution
assay standardized by the Clinical Laboratory
Standards Institute, document M27-A3 was applied
(CLSI, 2008). For this purpose, RPMI 1640 broth was
used. The antifungals used were fluconazole (FLC,
0.125-64 pg/mL; Sigma Chemical Corporation,
USA) itraconazole (ITC, 0.03215-16 pg/mL; Sigma
Chemical Corporation, USA), voriconazole (VRC,
0.03215-16 pg/mL Sigma Chemical Corporation,
USA) and amphotericin B (AMB, 0.03125-16 pg/
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mL; Sigma Chemical Corporation, USA). Tests
were performed in 96-well polypropylene plates.
Cells were suspended in saline solution (0.9%) until
reaching 0.5 turbidity on the McFarland scale. Then
the inoculum was diluted 1:50 and 1:20 in RPMI
1640 broth to obtain the final inoculum of 0.5-2.5 x
10% cells/mL. The tests were performed in duplicate.
The minimum inhibitory concentration (MIC) was
determined as the lowest concentration capable of
inhibiting fungal growth by 50%, when compared to
the drug-free growth control, and 100% inhibition for
AMB (CLSI, 2008). For quality control of the test,
the strains of Candida parapsilosis ATCC 22019 and
Candida krusei ATCC 6258 were used.

Antifungal susceptibility assay of the biofilm

The antifungal susceptibility assay of the
biofilm was performed as described by BRILHANTE
et al. (2016b), with modifications. For this test, 29
isolates (Candida spp., C. neoformans and R. rubra)
were analyzed. Biofilm was formed as described
above. After biofilm maturation, the drugs diluted in
RPMI were added. Antifungal drugs were tested at
concentrations of 2-32 pg/mL for AMB and 8-128
pg/mL for ITC. For each tested strain, drug-free
wells (growth control) and yeast-free wells (sterility
control) were included. After the incubation period
(48 h), the culture medium was removed and the wells
were washed twice with PBS-Tween 20. Finally,
biofilm metabolic activity was quantified using the
tetrazolium salt reduction test 2,3-bis (2-methoxy-4-
nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide
(XTT; Sigma Chemical Co., USA). Aliquots of 100
pL of XTT-menadione solution [0.5 mg/L XTT and
1 uM of menadione (Sigma Chemical Co., USA)],
prepared in PBS and filtered through a 0.22 pM
membrane were incubated in the dark, at 37 °C, for 3
hours. After the incubation period, the XTT solution
was transferred to the wells of a new plate, followed
by spectrophotometric reading at 492 nm. The sessile
minimum inhibitory concentration (SMIC) against
mature biofilms was determined as the minimum
concentration capable of reducing 50% (SMIC50)
and 90% (SMIC90) of the biofilm metabolic activity,
when compared to the drug-free growth control of
the respective strain). Subsequently, biofilm biomass
was spectrophotometrically quantified by the crystal
violet staining technique, as described above. The
assay was performed in triplicate.

C. famata pathogenesis against Caenorhabditis elegans
The test was performed according to
the protocol established by BRILHANTE et al.

(2016b), with modifications. C. famata was the
only species included in this assay, as it presented
a more representative number of isolates (n=13).
Thus, strains of C. famata and L4 stage nematodes
were used in this experiment. The nematodes were
previously cultured in nematode growth medium
(NGM) containing Escherichia coli OP50 as a food
source. Yeast strains were grown on BHI agar (Brain
Heart Infusion - Himedia®) medium supplemented
with 100 pg/mL of ciprofloxacin, at 35 °C, for up
to 72 hours. C. albicans ATCC 10231 was used as
a positive pathogenicity control. E. coli OP50 strain
was also previously cultured on BHI agar without
ciprofloxacin at 30 °C, for 24 hours, and used as a
negative pathogenicity control. Subsequently, the
nematodes were washed from the plates containing
NGM with M9 buffer and transferred to the plates
containing the microorganisms. The plates were
kept in an incubator at 25 °C for 2 hours, for the
nematodes to feed on the microorganisms. After
incubation, three consecutive nematode washes were
performed to remove the microorganisms adhered to
the worm cuticle. Approximately 50 nematodes were
transferred to 6-well cell culture plates containing
1.5 mL of liquid medium composed of M9 (79%),
BHI broth (20%), 100 pg/mL cholesterol in ethanol
and 100 pg/mL of ciprofloxacin. Plates were then
incubated at 25 °C and nematode viability was
analyzed after 0, 24, 48, 72 and 96 hours. Thus,
animals that had fungal structures growing outwards
from the worm pseudocoelom and/or those that did
not respond to mechanical stimuli were considered
dead. Each nematode considered dead was removed
from the well throughout the experiment. At the end
of the period, a survival curve was established.

Statistical analysis

Friedman’s test, followed by Dunn’s
post hoc test, was used to compare biomass and
metabolic activity of Candida spp. mature biofilms,
after exposure to AMB and ITC, to those of the drug-
free growth control. To analyze C. famata induced
mortality rate of C. elegans, Kaplan-Meyer survival
curves were constructed and the log-rank and Breslow
tests were used. P-values lower that 5% indicated
significant conclusions.

RESULTS

The microorganisms were identified by
morphological and molecular methods, as follows:
C. famata (13/29), Candida tropicalis (7/29),
C. parapsilosis sensu stricto (3/29), Candida
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metapsilosis (1/29), Candida guilliermondii (1/29),
C. neoformans (2/29) and R. rubra (2/29) (Table 1).

Regarding enzymatic production, 16/29
identified yeasts were phospholipases positive, of
which 5/16 had strong activity (PHz <0.64). As for
protease activity, 10/29 strains were positive, with
PRz ranging from 0.59-0.86 (Table 1).

Concerning planktonic antifungal
susceptibility, MIC ranges against C. famata complex

were 0.03125-2 pg/mL for AMB, 0.5-4 pg/mL for
FLC, <0.03125-4 ng/mL for ITC and <0.03125-0.5
pg/mL for VRC (Table 1). MICs against C. tropicalis
ranged from 0.0625-0.25 pg/mL for AMB, 0.5-4 pg/
mL for FLC, 0.0625-16 pg/mL for ITC and 0.03125-1
pg/mL for VRC. As for the C. parapsilosis complex,
the MIC ranges were 0.03125-0.25 pg/mL for AMB,
0.5-4 pg/mL for FLC, <0.03125-0.0625 pg/mL for
ITC and <0.03125-0.0625 pg/mL for VRC. The

Table 1 - Identification, antifungal susceptibility and virulence factors of yeasts recovered from free-ranging reptiles and amphibians

from the Caatinga biome.

Animal Species Anatomical site Yeast species

Snakes

Candida famata (1)
Rhodotorula rubra (1)
Candida tropicalis (1)

Lygophis dilepis Oral cavity

. Oral cavity
Boa constrictor

Cloaca C. tropicalis (1)
Mi Oral Cavity C. tropicalis (1)
icrurus —_
ibiboboca Cloaca C. tropicalis (1)
Cryptococcus neoformans (1)
Psomorphis Oral cavity Candida metapsilosis (1)
Jeobestis C. famata (1)
Lizards:
. Candida parapsilosis
Iguana iguana Oral Cavity sensu stricto (1)
Cloaca C. famata (1)
Tropidurus ,
hispidus Cloaca C. neoformans (1)
Frog
Leptodactylus sp. Skin C. parapsilosis s. s. (1)
Leptodactylus Cloaca C. famata (3)
latrans
C. tropicalis (1)
Leptodactylus Cloaca C. tropicalis (1)
vastus
Pithecopus .
nordestinus Oral cavity C. famata (1)
Toads
Rhinella . Lo
granulosa Skin C. tropicalis (1)
C. ta (1
Oral cavity Jamata (1)
C. parapsilosis s. s. (1)
Rhinella jimi C. famata (5)

Skin

Candida guilliermondii (1)

R. rubra (1)

Minimum Inhibitory Concentration -

MIC (ug/mL) Exoenzymes
AMB  FLC ITC VRC PHz PRz
0.06 2 4 0.125 0.79 1
0.5 <0.125 0.5 8 1 1
0.06 4 16" 0.06 0.89 1
0.06 1 0.25 0.06 1 0.79
0.06 1 0.06 0.06 0.76 0.95
0.06 1 0.06 0.06 0.91 0.68
2 4 0.06 0.125 0.85 1
0.06 0.5 0.03 0.03 0.88 1
0.03 0.5 0.03 0.03 0.64 1
0.125 0.5 0.03 0.03 0.75 0.67
0.03 4 0.0625 <0.03 0.68 1
0.5 4 0.03 0.03 0.88 1
0.03 4 0.06 0.03 1 0.8
0.03 — 0.03 — 0.86 (1)  0.59 (1)
By 0.125 0.06 12) 1)
0.25 1 0.5 0.03 1 1
0.25 0.5 16" 0.03 0.37 0.86
0.03 4 0.06 0.125 1 1
0.25 2 2" 1 0.6 0.81
0.03 1 0.03 0.03 1 0.84
0.25 1 <0.03 <0.03 1 0.75
0.5-0.97
<0.03—-  <0.03— 0.78 (1)
006-2 05-2 5 4
2 0.5 1) 1(4)
0.125 1 0.06 0.03 1 1
<0.03 2 1 1 0.72 1

AMB: ampbhotericin B; FLC: fluconazole; ITC: itraconazole; VRC: voriconazole. “indicates the number of isolates. PHz and PRz:
indicate the production of phospholipase and protease, respectively, based on the ratio between the size of the yeast colony and the total
diameter (colony and halo). When PHz=1 and PRz=1, the isolate is negative for exoenzyme production. ‘Resistance.

Ciéncia Rural, v.51, n.7, 2021.



6 Castelo-Branco et al.

obtained MICs against C. guilliermondii were 0.125
pg/mL for AMB, 1 pg/mL for FLC, 0.0625 pg/mL for
ITC and 0.03125 pg/mL for VRC.

As for the non-Candida isolates, MICs
against C. neoformans were 4 pg/mL for FLC and
ranged from 0.5-2 pg/mL for AMB, 0.03125-0.0625 pg/
mL for ITC and 0.03125-0.125 pg/mL for VRC. Finally,
the obtained MICs against R. rubra were <0.03125-0.5
pg/mL for AMB, <0.25-2 pg/mL for FLC, 0.5-1 pg/
mL for ITC and 1-8 pg/mL for VRC (Table 1).

All tested strains (n=29) produced biofilms,
of which 10/29 were moderate producers and 19/29
were strong producers. Overall, for Candida spp. AMB
caused biomass reduction (P<0.05) starting at 8 pg/mL
and decreased (P<0.05) metabolic activity at all tested

concentrations (2-32 pg/mL), while ITC only reduced
(P<0.05) biofilm biomass and metabolic activity at the
two highest concentrations (64 and 128 pg/mL).
Concerning the antifungal susceptibility of
mature biofilms of C. famata, AMB caused a biomass
reduction of 61-71% and a metabolic activity decrease
of 57- 90%, and the highest tested concentration (32
pg/mL) was defined as the SMIC90. ITC reduced
biofilm biomass by 28-47% and metabolic activity
by 7-12% (Figure 1). Regarding C. tropicalis
biofilms, AMB reduced their biomass by 20-28%
and metabolic activity by 17-36%. In addition,
ITC caused little biomass reduction (2-16%) and
a decrease of 5-18% in metabolic activity (Figure
1). As for C. parapsilosis complex biofilms, AMB

Figure 1 - Antifungal susceptibility of mature biofilms of yeasts (n=29) from free-ranging reptiles and amphib-
ians, with emphasis on Candida spp. (13 C. famata; 7 C. tropicalis, 4 C. parapsilosis species complex
and 1 C. guilliermondii). Amphotericin B (A and B) caused biomass reduction starting at 8 ug/mL (A)
and decreased metabolic activity at all tested concentrations (2-32 pg/mL; B). Itraconazole (C and D)
only reduced biofilm biomass (C) and metabolic activity (D) at the highest concentration (128 pg/mL).
Data are expressed as mean and standard deviation of crystal violet (biomass) and XTT (metabolic
activity) absorbance values normalized with those of the drug-free growth control. *indicates statisti-
cally significant (P<0.05) differences between the crystal violet and XTT absorbance values obtained
for Candida spp. biofilms after exposure to antifungal drugs and those obtained for their respective
drug-free growth control. Species other than C. famata were not included in the statistical analyses
because of the reduced number of isolates.
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caused 46-48% and 37-49% reduction in biomass and
metabolic activity, respectively, while ITC induced
16-25% biofilm biomass reduction and a decrease of
25-31% in biofilm metabolic activity (Figure 1). At
last, C. guilliermondii biofilms presented a maximum
decrease in biomass and metabolic activity of 47%
and 16%, respectively, after exposure to AMB. ITC
reduced the biomass of these biofilms by 8% and their
metabolic activity by 2-9% (Figure 1).

As for biofilms of C. neoformans, AMB
caused a biomass decrease of 89-90% and a reduction
in metabolic activity of 6-82%. ITC reduced the
biomass by 33-73% and the biofilm metabolic activity
by 31-75% (SMIC50 = 32 pg/mL). Moreover, R. rubra
biofilms suffered 86-94% decrease in biomass and 28-
67% reduction in metabolic activity, after exposure to
AMB. ITC reduced the biomass of these biofilms by
25-70% and their metabolic activity by 8-49%.

Finally, C. famata strains induced C.
elegans death, reducing worm viability by up to
60%, after 48 hours of exposure. The mortality rate
induced by this yeast species was greater (P<0.0001)
than that obtained for both negative (E. coli OP50)
and positive (C. albicans ATCC 102301) controls of
pathogenicity (Figure 2).

DISCUSSION

The data on the microbiota of reptiles and
amphibians are scarce. The present study identified

yeasts from reptile and amphibian microbiota.
Candida was the most frequently isolated genus, with
C. famata and C. tropicalis as the most prevalent
species. C. parapsilosis complex and C. guilliermondii
also were identified. Studies on animal microbiota
have shown the genus Candida as the most prevalent
yeasts (BENITES et al., 2013; BRILHANTE et al.,
2015a; SIDRIM et al., 2016). Similar to our findings,
other authors have also described C. famata and C.
tropicalis in reptiles, such as turtles (BRILHANTE
et al., 2015a) and tortoises (BENITES et al., 2013).

Besides the genus Candida, the species
C. neoformans and R. rubra were also identified. It
is important to mention that the genus Cryptococcus
has not been commonly reported in reptiles and
amphibians. However, MCNAMARA et al. (1994)
isolated C. neoformans causing infection in a captive
snake (Eunectes murinus).

Despite being present in the microbiota,
these yeasts produce several virulence factors and
are commonly associated with infections, thus,
knowledge on animal microbiota is relevant for the
understanding of several biological characteristics. In
this study, C. famata, C. tropicalis and C. parapsilosis
sensu stricto produced both phospholipases and
proteases, but only the two former species presented
strong phospholipase-producing isolates (Pz<0.64).
Production of virulence factors such as proteases and
phospholipases contribute to Candida pathogenicity
and they are well elucidated for C. albicans

Figure 2 - Pathogenicity of Candida famata (n=13) recovered from free-ranging reptiles
and amphibians, using the nematode model Caenorhabditis elegans. ATCC
10231 (Candida albicans) used as positive control for pathogenicity; E. coli
OP50 is the negative control for pathogenicity. Different survival rates were
observed among the three survival curves evaluated throughout the observation
period. Higher mortality was associated with C. famata strains when compared
to ATCC 10231 (P<0.0001) and when compared to E. coli OP50 (P<0.0001).
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(BERMAN & SUDBERY, 2002; FANNING &
MITCHELL, 2012).

Concerning the antifungal susceptibility
assay, high ITC MICs (=2 pg/mL) were observed
against C. famata (2/13) and C. tropicalis (3/7). This
finding is relevant because the tested animals were
free-ranging wild animals that had never been treated
with antifungal drugs, suggesting the presence of
antifungal selective pressure in the environment,
possibly due to the use of azoles in agricultural
practices. It is important to emphasize that high azole
MICs have been reported against yeasts from the
microbiota of several animal species (BRILHANTE
et al., 2015b; 2016a; CORDEIRO et al., 2015;
SIDRIM et al., 2016). Moreover, it is important to
emphasize that high azole MICs against C. fropicalis
are commonly reported (KOTHAVADE et al., 2010;
CORDEIRO et al., 2015). As for C. parapsilosis
species complex, the obtained isolates were
susceptible to the tested antifungals, corroborating
previous reports (BRILHANTE et al., 2018).

AMB presented high MIC against one
isolate of C. neoformans (2 pg/mL), while azole
antifungals (FLC, VRC and ITC) showed low MIC
ranges. High AMB MICs are not commonly reported
in the literature, but some authors have reported MIC
ranges of 0.25-1 pg/mL (PERFECT et al., 1996) and
0.06-0.12 pg/mL (GAGO et al., 2017) against C.
neoformans. Moreover, VRC MICs against R. rubra
were high, as they were comparable to MICs obtained
against clinical Rhodotorula isolates (PRENEY et al.,
2003; SERENA et al., 2004).

As for mature biofilm antifungal
susceptibility, C. famata biofilms were more
susceptible to AMB (SMIC90 =32 pg/mL) than ITC,
whose SMIC50 was not reported. C. famata biofilm
susceptibility is poorly investigated. C. famata
complex species are commonly found in natural
substrates and as part of the microbiota of some
animal species, including humans, but it is considered
an atypical human pathogen (BENITES et al., 2013;
BRILHANTE et al., 2017).

C. tropicalis mature biofilms showed low
antifungal susceptibility, against which SMIC90
or SMIC50 values were not found. C. fropicalis
resistance in animal isolates has been reported
(CORDEIRO et al., 2015; BRILHANTE et al,
2016a), which is associated with overexpression of
efflux pump-related genes (BIZERRA et al., 2008),
which are usually overexpressed when fungi are
grown in their biofilm forms. AMB was also more
effective than ITC against C. parapsilosis species
complex and C. guilliermondii biofilms, but SMIC90

values were not reported. Concerning C. neoformans
and R. rubra biofilms, both AMB and ITC presented
inhibitory activity, reducing their biomass and
metabolic activity.

As for the pathogenicity of C. famata
using C. elegans infection model, high mortality rates
were observed 48 and 96 hours after exposing the
worms to this yeast species. Similar results have been
observed for other Candida species (BRILHANTE et
al., 2016b), which highlights the pathogenic potential
of this yeast genus. These values were significantly
higher than those for the negative pathogenicity
control, demonstrating the pathogenic potential of
C. famata, which is possibly associated with the
expression and production of the virulence factors,
observed in this study.

In summary, the microbiota of reptiles and
amphibians contains yeasts able to produce important
virulence factors, such as hydrolytic enzymes and
biofilms. In addition, itraconazole resistance was
observed among C. famata and C. tropicalis.
Finally, C. famata strains increased the mortality
rates of C. elegans.
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