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Abstract

Globally, the most frequently isolated species of the Sporothrix schenckii complex from human clinical samples are S. schenckii, S.
globosa and S. brasiliensis. Sporotrichosis is the most important subcutaneous fungal infection in Costa Rica, and, so far, the etiological
agents have only been identified by microscopic observation as S. schenckii. The aim of the present study was to identify by phenotyp-

ic and genotypic characteristics the species of the Sporothrix schenckii complex in a collection of Costa Rican human clinical isolates.

Fifty-seven Costa Rican clinical isolates were analyzed and 18 sequences were deposited in the GenBank database. The isolates
are part of a collection of the School of Microbiology of the University of Costa Rica. For the phenotypic characterization, temperature
growth, microscopic features and carbohydrate assimilation were performed, and the susceptibility to itraconazole was studied in
vitro by the CLSI M-38 microdilution method. Genotypic characterization was performed by enzymatic restriction and sequencing
of the calmodulin gene. The presence of two species of S. schenckii complex, i.e. S. schenckii s. str. (53) and S. globosa (4) was demon-
strated. A MIC value of less than 1 pg/mL was found in 84.2 % of the isolates. The most accurate techniques for identification of the
isolates were enzymatic restriction and sequencing of the calmodulin gen. The carbohydrate assimilation test was the least useful

one. All isolates studied were sensitive to itraconazole.
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Introduction disease is acquired by traumatic inoculation and has a worldwide
Sporothrix spp., is the etiological agent of sporotrichosis, a  distribution; being Japan, Mexico, Brazil, Uruguay, Peru and Colom-
chronic subcutaneous granulomatous disease, which has been de-  bia the countries that report the most cases [1]. Among isolates of

scribed mainly in humans and animals such as cats and dogs. The ~ Sporothrix schenckii, differences were initially established based
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on macroscopic and microscopic characteristics [2,3]. Then, Mari-
mon., et al. in 2007 [4] confirmed the existence of several species,
based on the colony appearance, size and pigment of radulospores
and assimilation of carbohydrates. Further, the evolution of the
complex has been separated in clades that represent the species
[2-4].

In Costa Rica, this infection it is considered to be the most fre-
quent subcutaneous mycosis, followed by chromoblastomycosis
and mycetoma [5]. The traditional treatment is potassium iodide;
however, itraconazole was introduced as an alternative therapy
because of its low toxicity and good tolerance [6]. In Costa Rica,
all the isolates involved in clinical cases have been identified as
S. schenckii by morphological features [7]. To our knowledge no
study has been conducted on the S. schenckii species complex, thus,
there is a necessity of molecular characterization of the isolates

previously classified as S. schenckii.

Aim of the Study

The aim of the present study was to identify the species of the
S. schenckii complex in a collection of Costa Rican human clinical
isolates, based on their sequence of the calmodulin gene and their
phenotypic characteristics such as assimilation of carbohydrates,
growth at three temperatures, morphology of radulospores and

itraconazole in vitro susceptibility.

Materials and Methods

Clinical isolates

Fifty-seven isolates from the Medical Mycology Collection of the
School of Microbiology, University of Costa Rica, collected between
1994 and 2015, were analyzed in the present study. The reference
strains used in all experiments were S. brasiliensis (CBS 120339), S.
globosa (CBS 120340), S. mexicana (CBS 120341) and S. schenckii
s. str. (CBS 938.72) [4].

Growth at different temperatures

All isolates were maintained in Sabouraud dextrose medium
(peptone, dextrose, agar, pH 5.6). Isolates were cultured for five
days; thereafter, one millimeter diameter portions of the fungal
culture were inoculated onto potato dextrose agar plates (potato
extract, dextrose, agar, pH 5.6) and incubated at temperatures of
25, 30 and 37°C, in duplicates. Growth diameter measurements

were made on day 21 of incubation [4].
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Microculture

The isolates studied were inoculated onto 1 cm? portions of oat
agar (oatmeal, agar, water, pH 6.0). The incubation was carried out
in a humid chamber at 30°C, in the dark for 12 days. Then, the size
of 25 radulospores were measured for each isolate and the pres-

ence or absence of pigment in these spores was recorded [4].

Carbohydrate assimilation

According to the protocol described by Marimon [4], peptone
water solutions were supplemented with raffinose, glucose and
sucrose (Sigma-Aldrich, MO, USA), at a final concentration of 2%
and 150 pL were distributed in each well of a 96-well plate (Ever-
green Scientific, Los Angeles, California). A spore suspension was
obtained with sterile saline (0.5 %) and was counted in a Biirker
chamber (Poly-Optik GmbH Blankenburg, Germany). The suspen-
sion was adjusted to a concentration between 2 x 10° to 2 x 10°
Colony Forming Units (CFU)/mL. Then, 50 pL of the spore sus-
pension was added to each well, except for the negative control to
which only sterile saline was added. Wells containing glucose were
the growth controls. Plates were then incubated at room tempera-
ture for 5 and 10 days. The presence or absence of growth in each
well was evaluated visually and recorded. All the experiments were

done in triplicates.

Itraconazole in vitro susceptibility

The in vitro susceptibility to itraconazole of each of the isolates
was performed for the mycelial form of the dimorphic fungi [8].
The concentrations evaluated were 0.06 - 32 pg/mL of itraconazole
(Royal Pharm, Hangzhou, China). The minimum inhibitory concen-
tration (MIC) was established as the lowest concentration that pro-
duced a total inhibition of growth (100% inhibition as compared to
the growth control wells). In all experiments, Candida krusei ATCC
6258 and Candida parapsilosis ATCC 22019 were used as quality

control strains [8].

Analysis of the calmodulin gene

DNA was extracted using the Nucleo Spin® Tissue kit (Macherey-
Nagel, Germany), following the procedure described in the insert.
To amplify the calmodulin gene, two primers were used: CL1- 5 ‘GA
(GA) T (AT) CAA GGA GGC CTT CTC 3’ (10 pmol/uL) and CL2A- 5
TTT TTG CAT CAT GAG TTG GAC 3’ (10 pmoles/uL), with an expect-
ed product size between 600 and 800 bp [9]. Restriction analysis
of the PCR product was performed as described by Rodriges., et al.

2014, using the enzyme Hhal endonuclease (Thermo Fisher Scien-
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tific Inc,, MA USA) [10], incubating at 37°C overnight. The digested
products were electrophoresed on 2.5% (w/v) agarose gels for
90 minutes at 100V in the presence of GelRed® (Biotium, Inc., CA,
USA) using a Gene Ruler marker of 50 pb DNA Ladder 0.1 pg/uL
(Fermentas, Waltham, MA, USA). The bands were visualized with
a Bio Doc-it® 220 Imaging System PCR and were analyzed by an
Unweighted Pair Group Method with Arithmetic Mean (UPGMA)
graph. The products of PCR were sequenced using the services of

Macrogen Inc (South Korea).

Phylogenetic analysis

The sequences obtained were edited using the BioEdit software
and aligned with ClustalW in the MEGA7 program. The distance
matrix was calculated according to Kimura [11] and the phyloge-
netic trees were constructed using Bayesian Inference using the

MrBayes 3.2.6 program. A total of 1000 replicas were analyzed,

118
and the percentage of bootstrap is shown in each branch of the tree.
Statistical analysis

For the analysis of the phenotypic characteristics, the measure-
ments in the lengths of the radulospores and the percentages of
growth inhibition an analysis of variance was performed using the
GraphPad Prism program, version 5.00 for Windows (GraphPad
Software, CA, USA).

Results and Discussion

All the isolates grew at temperatures of 25 and 30°C. The aver-
age growth diameter at 25°C was 37 mm and at 30°C was 30.93
mm. The reference strain S. mexicana showed the maximum aver-
age growth at 25 and 30°C, 68.25 + 1.50 mm and 60.25 * 2.36 mm,
respectively (Table 1). The statistical analysis of one-way variance
showed statistically significant differences (p < 0.0001) among the
growth diameters at the different temperatures tested (Table 1).

R — Growth diameter (mm) at 21 days

isolates Fresumptive | 250 30°C 37°C
24 SPSC 26,25-51,50 | 22,50-39,50 | 2,22-4,90
33 SPGL 29,00-47,75 | 16,75 - 46,25 0

S. schenckii“ SPSC 28.00 33.00 5.75

S. brasiliensis” SPBR 45.00 33.00 2.75

S. globosa“ SPGL 40.50 23.75 0

S. mexicana® SPMX 68.25 60.25 0

Table 1: Distribution of mycelial growth of Costa Rican clinical isolates of the Sporothrix schenckii complex, at different temperatures.

SPSC: Sporothrix schenckii; SPGL: Sporothrix globosa; SPBR: Sporothrix brasiliensis; SPMX: Sporothrix mexicana.

a: Reference strains.

Under the light microscope, all isolates presented the typical
Sporothrix sp. morphology: septate hyaline hyphae, sympodial co-
nidiophores and radulospores [1] (Figure 1). All isolates showed
pigmented radulospores. The reference strain of S. globosa showed
strongly pigmented, globose and rounded radulospores, and the
size was between 4 - 3 x 3 - 2 pm, as described by Marimon [4]
(Figure 1A). As to reference strain of S. schenckii s. str., sessile, pig-
mented, rounded and triangular radulospores were observed. The
size of the radulospores ranged between 2 - 2 x 2 - 1 um (Figure
1B). By means of the microculture, it was possible to determine the
presence of two species among the clinical isolates studied: 93%
showed microscopic characteristics compatible with S. schenckii s.

str., while the remaining 7% presented characteristics of S. globosa.

The majority of the isolates (93%) of the present study showed
assimilation of sucrose and raffinose, as described for S. schenckii
s. str, and 3.5% did not assimilate any of the carbohydrates, as de-
scribed for S. brasiliensis. It is noteworthy that with this technique
the reference strains S. brasiliensis and S. globosa could not be cor-
rectly identified (Table 2).

All the isolates analyzed in the present study showed suscepti-
bility to itraconazole; MIC < 4 pg/mL, according to Zhao., et al [12].
The majority of the isolates (84.2%) had a MIC of less than 1 pg/
mL. The average MIC was 0.52 pg/mL and the maximum was 3.00
ug/mL (isolate SPSC-132).
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Figure 1: Microscopic view of Sporothrix species. (A) Sporothrix
globosa (CBS 120340) (B) Sporothrix schenckii s. str. (CBS 938.72).

Number of isolates Prfesump- Glu- Su- Raffi-
tive ID cose | crose | nose

53 SPSC + + +

1 SPGL + + -

2 SPBR + - -

1 NI + - +

Sporothrix schenckii® SPSC + + +

Sporothrix brasiliensis® SPSC + + +

Sporothrix globosa“ SPSC + + +

Sporothrix mexicana® SPMX + + +

Table 2: Assimilation of carbohydrates for the Costa Rican clini-
cal isolates of the Sporothrix schenckii complex, after 10 days of
incubation.

SPSC: Sporothrix schenckii; SPGL: Sporothrix globosa; SPBR: Sporo-
thrix brasiliensis; SPMX: Sporothrix mexicana.

2 Reference strains; ’NI: No Identification; +: Presence of growth;
-: Absence of growth.

All the enzymatic restriction patterns coincided with those de-
scribed by Rodrigues., et al [10]. The multivariate statistical analy-
sis UPGMA, based on a matrix of presence or absence of the re-
striction fractions, showed similarities among these isolates. The
constructed data matrix was built using the fragments 313, 251,
249,233,232,215,198,197,196 and 96 bp. The dendrogram (Fig-

ure 2) distributed the isolates into three groups: the first group is

119
only composed by the reference strain of S. brasiliensis, the second

group by 53 clinical isolates and the reference strain of S. schenckii
s. str., and finally, the third group by four isolates and the reference

strain of S. globosa.
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Figure 2: Clustering of the isolates according to the restriction
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profile of the calmodulin gene by the UPGMA analysis.

As restriction analysis of the calmodulin gene showed high ho-

mology between the groups Ila and IIb DNA, only 14 representa-
tives from these groups were selected to sequence, in addition to
four isolates in group III (species S. globose). All these sequences
showed high similarity with sequences in the GenBank database
and the percentage of similarity with type strains of the database
exceeded 97 %. The aligned sequences presented a length of 462
bp. There were a total of 1004 positions in the final dataset. For
the phylogenetic analysis, 42 sequences obtained from GenBank
were included. A tree of maximum parsimony was generated with
a consistency index of 0.82 and a retention index of 0.96. The Costa
Rican isolates sequences were grouped in clades II and III (Figure
3). The topography of the tree shows a 100% resampling (Boot-
strap) for clade I, 74% for clade Il and 100% for clades III and IV.
The sequences were deposited in the GenBank database, with the
accession number are MH263693-MH23696 for S. globosa and
MH514898-MH514911 for S. schenckii.
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Figure 3: Phylogenetic tree of the calmodulin gene obtained by Bayesian Inference. 1000 replicas were analyzed, the percentage of

bootstrap is shown in each branch of the tree. The red triangles show the Costa Rican isolates; the green circle indicate the reference

strains.

In the present study both phenotypic and genotypic approach-
es were carried out in order to give insights into the species of the
S. schenckii complex found in Costa Rica. Isolates were collected
from patients coming from the provinces of Heredia, Alajuela and
Guanacaste, San Jose and Limon. This geographic distribution may

show a representative data set of all the country.

It has been previously considered that all cases of human spo-
rotrichosis in the country were caused only by S. schenckii s. str., as
reported by microscopic characteristics [7]. However, with the data
hereby presented it can be affirmed that two species, S. schenckii
s. str. and S. globosa circulate in the country. The data of micro-
scopic morphology, mycelial growth at 37°C and the sequence of
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the calmodulin gene were considered to reach these results, as it
has already been presented in previous studies in other countries
[4,13,14].

In regard to different temperature growth, 60% of the isolates
did not show mycelial growth at 37°C. According to Marimon., et
al. [4], S. globosa was the only species that did not show mycelial
growth at this temperature; accordingly, it can be considered a
species found among the isolates studied. On the other hand, pre-
liminary identification based on the growth diameter of the colony,
showed no correspondence with those species identified by means
of molecular biology. Considering that the new identification stan-
dard in Mycology is DNA sequencing [15] and for the genus Spo-
rothrix is the sequencing of the calmodulin gene, it could be con-
cluded that growth at 37°C is not a useful tool for identification of
the species of the complex. Our results are in agreement with those

shown by Camacho,, et al. [13] in Venezuelan isolates.

Mycelial growth at 37°C has not been related to pathogenesis
but the pathogenic capacity of S. globosa in a murine model has
been demonstrated [16], but there are contradictory results with
respect to the behavior of the isolates, since some S. globosa iso-
lates have shown growth at 37°C as we present in this work. There-
fore, more studies are required to confirm or detract the relation-
ship that may exist between the capacity of mycelial growth at 37
°C and its pathogenic capacity.

The microscopic studies showed differences in the shape and
size of the radulospores; the four isolates identified as S. globosa
by sequencing, produced large (4 - 3 x 3 - 2 um) and globose-
shaped radulospores while the 53 isolates identified as S. schenckii
s. str. produced smaller (2 - 2 x 2 - 1 pm) and round to elliptical
radulospores. Therefore, the size and shape of the radulospores

can be considered a good tool for the identification of the species.

With regard to the assimilation of carbohydrates, 5% of the
clinical isolates studied did not assimilate sucrose or raffinose,
which according to Marimon,, et al. [4], would have been classified
as S. brasiliensis. However, by sequencing of the calmodulin gene
they were in fact S. schenckii s. str. The rest of the isolates were
identified as S. schenckii s. str. by carbohydrate assimilation, but
four of these were S. globosa. These findings are in agreement with
previous studies from South America, where the isolates showed
different identification by using assimilation of carbohydrates as

compared to the genotypic characterization [2,13,14,17].
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All the isolates of the present study were susceptible to itracon-

azole. The MIC values were between 1 and 3 pug ml, and according
to arecent study values between 1 and 4 pg/ml are considered sus-
ceptible [12]. Thus, itraconazole represents a good alternative in
the treatment of sporotrichosis in this country. Although none of
the isolates was resistant and no significant differences has been
found between the action of the drug and the species involved [18],
it could be valuable to perform susceptibility testing of the etiologi-
cal agent of sporotrichosis to itraconazole, given the emergence of

resistance of S. globosa to this drug [19].

The phylogenetic analysis of the gene coding for calmodu-
lin is used for the identification of the species of the Sporothrix
schenckii complex, because it has a higher percentage of variable
sites (54.5%) and of sites with parsimonious information (42.8%),
as compared to other genes such as the elongation factor or the
ITS region [15,20,21]. The phylogenetic tree of the present study
showed a distribution of the species in four clades statistically well
supported (100% bootstrap). Clade II grouped the Costa Rican iso-
lates identified as S. schenckii s. str. These results are supported by
a bootstrap percentage of 74%, which makes it possible to ensure
the isolates grouped in this clade belong to this species. These iso-
lates show similarity with circulating species from South America
in countries like Peru and Brazil [22]. However, some sequences
showed high similarity with the sequences of Mexico, a finding that
could be explained by geographical migration and the worldwide

distribution of this species [23].

Geographical restriction of the Sporothrix species is probably
due to their separation when continents were divided, this forma-
tion of barriers facilitated the isolation and differentiation of spe-
cies according to the available hosts and the environmental condi-
tions. It is likely that this phenomenon keeps the species restricted
according to the soil and host where they originally differed [9].
Although some researchers suggest that the dispersion of the two
species found worldwide, i.e., S. schenckii sensu stricto and S. glo-
bosa may be due to air dispersion [22], there is still no evidence of
this phenomenon and the question is raised why only this disper-
sion could have two species, while the other two, i.e., S. brasiliensis

and S. mexicana remain so restricted to a single territory.

The sequence of the isolate SPSC-03, show high similarity with
the reference strain CBS 359.36T (S. schenckii) and the ATCC 10268
(S. schenckii); however, due to a lack of information about the clini-
cal presentation and the place of isolation no comparison can be

made among these strains.
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Clade III corresponds to the reference strain S. globosa and the
four Costa Rican isolates. This group is supported by a 100% boot-
strap. According to Nath., et al. [14], clade IIIl shows that the strains
that have been described are clones from Asia, mainly from China.
Accordingly, all strains show very similar sequences of the calmod-
ulin gene. In this way, Moussa., et al. [17] show in their work that
the isolates grouped in this clade has a low variability in the se-

quence of this gene.

In the present study, S. schenckii s. str. was the most frequently
found species (93%), a finding that is in agreement with the report-
ed geographical prevalence [22]. Accordingly, it is also the most
frequent species reported in the western part of South America, in
Central and North America (89%), Australia and Southern Africa
(94%). However, S. globosa is the most prevalent in Asia (99.3%)
and S. brasiliensis (88%) in Southeastern Brazil. In Central America
the only study available is from Guatemala, where Madrid., et al.
[24] reported one isolate from S. globosa and two from S. schenckii
s. str. When comparing the sequences with those of the present
work, they have greater similarity to those studied in countries

such as Brazil, Colombia and Peru.

Therefore, the present study is the only one in the region where
the existence of circulating species and their phenotypic charac-
terization is established, the conclusion being that there are two
etiological agents of sporotrichosis in Costa Rica: S. schenckii s. str.

and S. globosa.

Conclusion

There are two etiological agents of sporotrichosis in Costa Rica:

S. schenckii s. str. and S. globosa.

The best techniques to identify and differentiate these species
are enzymatic restriction and sequencing of the calmodulin gene,
however, the microscopic morphology of the radulospores can be
a useful tool when the molecular techniques are not available. As
previously stated, the isolates analyzed in the present study were
similar to strains from South America, maybe due to population
migration and geographic proximity of the countries. It is neces-
sary to improve the clinical diagnosis of the species involved in the
pathogenesis of humans and animals. Also, it is important to inves-
tigate the epidemiological situation of the fungi in Costa Rica, its
environmental presence in the soil and to establish a relationship

between the climate and the increase in the number of cases.
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