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Feline sporotrichosis: associations between clinical-epidemiological
profiles and phenotypic-genotypic characteristics of the etiological
agents in the Rio de Janeiro epizootic area
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BACKGROUND Sporotrichosis is caused by species of the genus Sporothrix. From 1998 to 2015, 4,703 cats were diagnosed
at the Fundacdo Oswaldo Cruz (Fiocruz), Rio de Janeiro, Brazil. Even after the description of the Sporothrix species, the
characterisation of feline isolates is not performed routinely.

OBJECTIVES To characterise the clinical isolates from cats at the species level and correlate them with the clinical and
epidemiological characteristics of the cats.

METHODS Forty seven Sporothrix spp. isolates from cats assisted at Fiocruz from 2010 to 2011 were included. Medical records were
consulted to obtain the clinical and epidemiological data. The isolates were identified through their morphological and physiological
characteristics. T3B polymerase chain reaction (PCR) fingerprinting was used for molecular identification of the species.

FINDINGS In phenotypic tests, 34 isolates were characterised as S. brasiliensis, one as S. schenckii and 12 as Sporothrix spp. PCR
identified all isolates as S. brasiliensis.

MAIN CONCLUSIONS S. brasiliensis is the only etiological agent of feline sporotrichosis in Rio de Janeiro to date. None
association was found between the isolates and the clinical and epidemiological data. In addition, we strongly recommend the

use of molecular techniques for the identification of isolates of Sporothrix spp.
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Sporotrichosis is a subcutaneous mycosis that affects
humans and animals. Until few years ago, it was attrib-
uted to a single causal agent, the thermodimorphic fun-
gus, Sporothrix schenckii (Lopez-Romero et al. 2011).
However, from 2006, genetic variability was demon-
strated among the isolates morphologically identified
as S. schenckii, which led to the proposition of at least
six species, phylogenetically described as Sporothrix
schenckii sensu stricto, Sporothrix brasiliensis, Sporo-
thrix globosa, Sporothrix mexicana, Sporothrix pallida,
and Sporothrix luriei (Marimon et al. 2007, 2008). In
addition, a new species called Sporothrix chilensis has
recently been described (Rodrigues et al. 2016a).
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S. brasiliensis has been described as an emerging
species, highly pathogenic to humans and cats, which
to date has a regional distribution in Brazil (Marimon
et al. 2007, Arrillaga-Moncrieff et al. 2009, Oliveira et
al. 2011a, Rodrigues et al. 2013b). S. schenckii sensu
stricto is considered the second most pathogenic species
(Arrillaga-Moncrieff et al. 2009), and has a worldwide
distribution, with a greater preference for tropical and
subtropical humid climate countries, so the highest inci-
dence of this mycosis occurs in Americas, Africa, Aus-
tralia and Asia (Marimon et al. 2007, Lopez-Romero et
al. 2011, Oliveira et al. 2011a, Chakrabarti et al. 2015).
The cases related to S. globosa occurred in humans in
Europe, Asia and Americas (Marimon et al. 2007, Liu et
al. 2014, Oliveira et al. 2014), including Brazil (Oliveira
et al. 2011a, Rodrigues et al. 2013b). Regarding S. mexi-
cana, it has been believed to be an environmental species
restricted to Mexico, being isolated initially in plants
from there (Marimon et al. 2007). However, this species
was also isolated in a human case in Portugal (Dias et
al. 2011) and in three human cases in Brazil (Rodrigues
et al. 2013a). S. luriei is a rare species, the descriptions
of human and animal sporotrichosis cases caused by
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this species are scarce, so far it has been reported as the
causal agent of four human cases in Africa (Marimon et
al. 2008) and one canine case in Brazil (Oliveira et al.
2011b). S. pallida is rarely described as a causal agent
of sporotrichosis, with one human case described in the
USA (Morrison et al. 2013) and one feline case in Brazil
(Oliveira et al. 2011b). Although recently described, S.
chilensis was isolated from a human case and environ-
mental sample in Chile (Rodrigues et al. 2016a).

Since 1998, a large number of sporotrichosis cases in
humans and cats have been described in the metropolitan
region of Rio de Janeiro, Brazil, the first sporotrichosis
epidemic in the form of zoonosis. Since then, the Evandro
Chagas National Institute of Infectious Diseases (INI),
Oswaldo Cruz Foundation (Fiocruz), a reference centre in
the diagnosis of mycoses, diagnosed 4,188 human cases in
the period from 1997 to 2011 (Silva et al. 2012) and 4,703
feline cases from 1998 to 2015 (Gremido et al. 2017).

Classically, the transmission of the etiological agent
occurs through the skin by traumatic inoculation of the
fungus present in vegetal or organic matter in the soil con-
taminated by conidia of Sporothrix spp. (Lopez-Romero
et al. 2011). On rare occasions, infection can be acquired
by inhalation of the conidia (Lopez-Romero et al. 2011).
However, the epidemic in Rio de Janeiro has a particular
profile due to the importance of zoonotic transmission,
that occurs mainly through scratching and/or biting by
naturally infected domestic cats (Silva et al. 2012), which
transmit the yeast form of the fungus present in the nails
and oral cavity of these animals (Schubach et al. 2004).

In recent years, the frequency of reported cases of spo-
rotrichosis in cats has been increasing in Brazil, notably in
Rio de Janeiro (Schubach et al. 2004, Gremido et al. 2017).
Infection in cats may begin subclinically and progress to
multiple skin lesions and fatal systemic form, associated
or not with extracutaneous signs (Schubach et al. 2004).

A definitive diagnosis of sporotrichosis requires iso-
lating the fungus in a culture medium (Lopez-Romero et
al. 2011). The culture technique characterises the fungus
as Sporothrix spp. or S. schenkii latu sensu, so, in order
to characterise the species, polyphasic taxonomy has to be
used (Oliveira et al. 2011a). The pathogenic species of the
genus Sporothrix are very similar macroscopically; mi-
croscopically show very subtle differences and the carbo-
hydrate assimilation pattern is very similar, which makes
it difficult to identify them using only the taxonomic key
initially proposed by previous study (Marimon et al. 2007).

Although there are clinical studies on feline sporotri-
chosis, the relationship between the clinical data of cats
and the identification of the species of the genus Sporothrix
has not been properly investigated. The aim of the present
study was to characterise the clinical isolates of Sporothrix
spp. from naturally infected cats from Rio de Janeiro, based
on phenotypic and genotypic identification. In addition, the
clinical-epidemiological profile of these cats and its corre-
lation with the morphological, physiological and molecular
aspects of fungal isolates were described.

MATERIALS AND METHODS

Forty-seven isolates of Sporothrix spp. from cats as-
sisted at the INI/Fiocruz from 2010 to 2011 were includ-

ed, which were obtained from skin and mucosal lesions
of the cats before the beginning of antifungal treatment
(ketoconazole at doses 9,2 to 38,5 mg/kg/day or itracon-
azole at doses 8,3 to 34,5 mg/kg/day). Twenty-five cats
received itraconazole (Itraconazol 100 mg; Prati Dona-
duzzi) as treatment and the remaining 22 cats received
ketoconazole (Cetoconazol 200 mg; Prati Donaduzzi).
The isolates were subsequently stored in 10% skimmed
milk (Fluka Analytical, Sigma-Aldrich, Switzerland)
at -20°C in the Mycology Laboratory of INI/Fiocruz.
Clinical and epidemiological data were subsequently
collected from the medical records of the cats.

To identify the fungal isolates at the species level,
polyphasic taxonomy was used, with morphological,
physiological and molecular studies, with the isolate in
its filamentous form being used at all of these stages.
For the phenotypic tests, the isolates were subcultured in
potato dextrose agar (PDA - Difco™; Becton, Dickinson
and Company, Sparks MD USA) and visually examined
for DHN melanin production (Almeida-Paes et al. 2015).
In order to study conidiogenesis, these isolates were sub-
cultured on corn meal agar (BBL™; BD, Franklin Lakes
NJ USA), and incubated at 30°C in a dark environment.
After 10 days, microscopic characteristics were evalu-
ated (Marimon et al. 2007).

The growth of colonies at 30°C and 37°C in PDA me-
dium was evaluated after 21 days of incubation, when the
diameter of the colonies was measured, with this test be-
ing performed in triplicate at different times (Marimon
et al. 2007, Oliveira et al. 2011a). Carbohydrate assimila-
tion tests were performed in 96-well racks containing
Yeast Nitrogen Base - YNB culture medium (Difco™;
Becton, Dickinson and Company, Sparks, MD USA)
supplemented with sucrose or raffinose in a 0.5% con-
centration (Marimon et al. 2007, Oliveira et al. 2011a).
For the control, to check the stability of the carbon
sources in the culture medium, was used a Rhodotorula
mucilaginosa isolate (IPEC41978), which has the capac-
ity to assimilate all the carbohydrates tested. Negative
control wells were supplemented with sterile distilled
water and positive controls were added with glucose. In
the carbohydrate assimilation test, the reading was per-
formed on the 10th day. After this time of incubation, the
media containing sucrose and raffinose were analysed.
The media with similar growth to the medium with glu-
cose were considered positive, and negative were those
similar to the medium without carbohydrate. After ob-
taining the results of the morphological and physiologi-
cal tests, we interpreted them based on the taxonomic
key proposed previously (Marimon et al. 2007, 2008).

For the classification of the isolates for thermotoler-
ance, the percentage inhibition of growth was calculated
as previously reported (Almeida-Paes et al. 2015). For
isolates whose growth at 37°C was reduced by 50% or
more were classified as having low thermotolerance, and
the isolates whose growth was reduced by less than 50%
were classified as having high thermotolerance.

Subsequently, all the isolates were identified by
means of genotypic testing, the genomic DNA being ex-
tracted from the filamentous form with the use of chlo-
roform/isoamyl alcohol (24:1) (Oliveira et al. 2011a). The
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molecular tool used was a polymerase chain reaction
(PCR) fingerprinting using the universal T3B primer
(5-AGGTCGCGGGTTCGAATCC-3") to distinguish
between the species of the genus Sporothrix (Oliveira
et al. 2015). Strains of species of the genus Sporothrix
associated with cases found in humans and animals, S.
brasiliensis (IPEC16490), S. globosa (IPEC27135), S.
mexicana (MUM11.02), and S. schenckii (IPEC27722)
were used as controls for molecular identification. Suc-
cinctly, we used the PCR reaction mix 10x buffer with KCl,
dNTP mix 0.2 mM, MgCl, 50 mM, platinum 7ag DNA
polymerase 1.0 U and 10 mM T3B primer (Oliveira et
al. 2015). The T3B fingerprinting profiles obtained were
analysed with Bionumerics (version 5.1; Applied Maths
BVBA, Sint-Martens Latem, Belgium). Similarity coeffi-
cients were calculated using the Dice algorithm and cluster
analysis was performed by means of the unweighted paired
group method using arithmetic averages (UPGMA).

Georeferencing was performed from the addresses
of felines, residents of the capital and other municipali-
ties in the state of Rio de Janeiro. For this, an individual
search of the addresses was done in the animal records.
The address was marked as a point in the free Google
Earth Pro program, allowing the identification of lati-
tude and longitude. LatLong designed coordinates sys-
tem was used. The coordinates of each point identified
in Google Earth Pro were inserted in a shapefile of Rio
de Janeiro, resulting in a new digital mesh. The shapefile
is a vector format of geospatial data that is used in Geo-
graphic Information System (GIS) environments.

The exploratory analysis of the data was performed
by applying the simple frequencies of each isolate to the
species level of the genus Sporothrix, as well as the clini-
cal variables of the cats (distribution of skin lesions, oc-
currence of lymphadenomegaly, presence of respiratory
signs, presence of mucosal lesions and therapeutic re-
sponse). Also, the epidemiological variables (origin and
possible form of cat infection), both described in individ-
ual clinical records from the study were evaluated. For
the distribution of skin lesions, the cats were divided into
three groups: L1 (skin lesions in one place), L2 (skin le-
sions in two noncontiguous places) and L3 (skin lesions in
three or more nonadjacent places) (Schubach et al. 2004).

To check the association between categorical vari-
ables, Fisher’s exact test or Pearson’s chi-square test
were used. For the correlation of related samples the Wil-
coxon test was used. For evaluation of treatment time (in
weeks) to favorable outcome (clinical cure) stratified by
categorical variables, the Kaplan-Meier method (KM)
and Log-rank test were used. Failure events (failure of
treatment, abandonment of treatment, death by sporotri-
chosis and death by other causes) were considered cen-
soring by KM analysis and its length of time considered
the time until last follow-up date. P-values < 0.05 indi-
cated significant associations in the statistical tests. The
data obtained with the phenotypic tests were stored and
analysed in the database using the software Statistical
Package for Social Science (SPSS) version 16.0.

The procedures performed in these animals were
approved by the Ethics in Research Committee of the
Fiocruz (CEUA/Fiocruz), Rio de Janeiro, Brazil, under
license number L-041/06.

RESULTS

Simple frequency distribution of clinical and epide-
miological characteristics of the 47 cats included in this
study were reported in Table I.

Thirty-five cats (74.5%) lived in the municipality
of Rio de Janeiro, seven (14.9%) in Nova Iguagu, three
(6.4%) in Sao Jodo de Meriti and two (4.2%) in Duque de
Caxias (Fig. 1).

As to the macromorphological aspect of the fungal
colonies subcultured in PDA medium, all of them had a
velvety (83%) or smooth (17%) appearance, of which 41
(87.2%) had a brown (85.1%), black (2.1%) coloration with
some pigment production and in six (12.7%), no pigmen-
tation was observed in some isolates [IPEC (6G); (8G);
47G); 48G); (57G); (58G)]. With respect to the micro-
morphology, all the colonies had thin hyaline, septate and
ramified hyphae. Forty-six colonies (97.8%) showed hya-
line and dematiaceous conidia and in one isolate (IPEC
53G) only the presence of hyaline conidia in AMC. How-

TABLE I

Distribution of the clinical and epidemiological
variables of the 47 cats assisted at the Laboratory of
Clinical Research on Dermatozoonosis in Domestic Animals
(INI)/Fiocruz, Rio de Janeiro - Brazil, 2010 to 2011

Variables n (%)
General health Good 42 (89.4%)
Regular 5 (10.6%)
Skin lesions Present 45 (95.7%)
Absent 2 (4.2%)
Distribution Ll 15 (31.9%)
of skin lesions L2 16 (34%)
L3 16 (34%)
Lymphadenomegaly Present 42 (89.4%)
Absent 5 (10.6%)
Conjunctivitis Yes 7 (14.9%)
No 40 (85.1%)
Respiratory signs Present 27 (57.4%)
Absent 20 (42.6%)
Functional rhinitis Present 20 (42.6%)
Absent 27 (57.4%)
Mucosal lesion Nasal 17 (36.2%)
Conjunctival 5 (10.6%)
Absent 25 (53.2%)
Retroviruses Positive 12 (25.5%)
(FIV/FeLV) Negative 35 (74.5%)
Outcome Favorable (Cure) 17 (36.2%)
Unfavorable” 30 (63.8%)
Castrated Yes 19 (40.4%)
No 28 (59.6%)
Sex Male 35 (74.5%)
Female 12 (25.5%)

*: it was considered unfavorable outcomes: failure of treatment,
abandonment of treatment, death by sporotrichosis and death
by other causes.
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Fig. 1: geographic distribution of 47 cases of feline sporotrichosis assisted at the Laboratory of Clinical Research on Dermatozoonosis in Do-

mestic Animals (INI)/Fiocruz, Rio de Janeiro - Brazil, 2010 to 2011.
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ever, macroscopically in PDA, this colony showed brown
coloration, thus demonstrating melanin production by
the fungus. The dematiaceous conidia had a globous or
subglobous shape and the hyaline conidia were of a thin,
elongated shape. No conidia with a triangular shape was
found in our isolates. In the six colonies with no macro-
scopic pigmentation, it was possible to observe the pres-
ence of both dematiaceous conidia and hyaline conidia.

All the isolates showed excellent growth at 30°C and
were thermotolerant at 37°C. The median diameter of the
colonies incubated at 30°C after 21 days was 33.75 mm (20-
44 mm), while the median for colonies at 37°C was 16.5
mm (5-23.5 mm). It was possible to observe that the growth
of colonies at 30°C was better than at 37°C (p < 0.05).

For the classification of the isolates by thermotoler-
ance, 31 (66%) isolates had their growth at 37°C reduced
by 50% or more and were classified as having low ther-
motolerance. Sixteen (34%) isolates had their growth
reduced by less than 50% and were classified as having
high thermotolerance.

After 10 days, assimilation of glucose occurred in
all isolates including the controls, 35 (72.9%) isolates
did not assimilate sucrose and raffinose, 11 (22.9%) as-
similated sucrose, but did not assimilate raffinose and
one isolate assimilated both sugars tested. With the re-
sults of the morphological and physiological tests, it was
possible to perform the phenotypic characterisation of
each isolate, according to the taxonomic key previously
proposed (Marimon et al. 2007). Therefore, 12 isolates
(23.4%) showed no phenotypic characteristics compat-
ible with the species of the genus Sporothrix, and it was
not possible to define what species they were. These
isolates were classified as Sporothrix spp. One isolate
was characterised as S. schenckii and the remaining 34
isolates were phenotypically characterised as S. brasil-
iensis (Table II). Subsequently, they were identified us-
ing the molecular tool T3B PCR fingerprinting, and all
of the control strains showed profiles with very distinct
bands, which allowed us to differentiate the main species
with clinical association with the species of the genus
Sporothrix: S. brasiliensis, S. globosa, S. mexicana and
S. schenckii, and it was possible to identify the feline iso-
lates from this study at the species level. The 12 isolates
phenotypically characterised as Sporothrix spp. obtained
conclusive results using molecular identification, and

were characterised as S. brasiliensis, as well as the isolate
phenotypically characterised as S. schenckii (Table I1).

After computing the association between the clinical
variables and the morpho-physiological characteristics
of the isolates with a discordant phenotype, which were
characterised as Sporothrix spp. and the isolate charac-
terised as S. schenckii, there was no significant associa-
tion with any of the variables tested (Table I11).

Even the p-value did not show statistical significance
in the tests performed, the distribution between groups
L1, L2 and L3 in the isolates with discordant phenotype
was not proportional when compared to the distribution
of lesions of the general feline population of the study.

We also computed the association between these vari-
ables and the thermotolerance results and the presence or
absence of melanin for each isolate, where it was possible
to observe a correlation between thermotolerance and
respiratory signs and general condition of the animals
(Table IV). There was no correlation with the presence or
absence of visible amounts of melanin, as macroscopical-
ly visualised, with any of the variables tested (p > 0.05).

In the phylogenetic analysis (Fig. 2), it was possible
to visualise the presence of 14 isolates (29.8%) charac-
terised as S. brasiliensis, with a small intraspecific vari-
ation, that is, there was a variation when compared to the
type strain of S. brasiliensis.

When we compare both groups with or without intra-
specific variations and the clinical and epidemiological
variations of the cats, it was not possible to observe any
correlation (Table V).

When we observed the distribution of isolates with dis-
cordant and concordant phenotype and isolates with and
without intraspecific variation, by the municipalities of
Rio de Janeiro state, it was possible to observe that isolates
characterised phenotypically as S. brasiliensis and with in-
traspecific variation are not present in the municipalities of
Duque de Caxias and Sao Jodo de Meriti. Isolates charac-
terised as Sporothrix spp. and with intraspecific variation
were not found only in Sdo Jodo de Meriti (Fig. 1).

In Fig. 3 it is possible to observe the 13 animals that
showed a discordant phenotype through molecular char-
acterisation and the 14 animals that within the molecular
characterisation showed intraspecific variations, togeth-
er with the clinical and epidemiological characteristics
of each animal.

TABLE 11

Results of phenotypic and genotypic tests of 47 Sporothrix spp. isolates from cats assisted at the Laboratory of
Clinical Research on Dermatozoonosis in Domestic Animals (INI)/Fiocruz, Rio de Janeiro - Brazil, 2010 to 2011

Assimilation test ~ T3B fingerprinting

Dematiaceous Colony diameter profile compatible
Phenotypic test conidia larger than 50 mm Thermotolerance Sacarose Rafinose with S. brasiliensis
S. brasiliensis 34 (72.4%) + No Yes No No 47 (100%)
Sporothrix spp. 1 (2.1%) - No Yes No No
11 (23.4%) + No Yes Yes No
S. schenckii 1 (2.1%) + No Yes Yes Yes
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TABLE III

Association between isolates with (Group I) and without (Group II) discordant phenotype compared to molecular
characterisation, with clinical and epidemiological variations of 47 cats assisted at the Laboratory of Clinical Research
on Dermatozoonosis in Domestic Animals (INI)/Fiocruz, Rio de Janeiro - Brazil, 2010 to 2011

Group I’ Group II™
Variables n=13 n=34 p-value™
General health Good 12 (92.3%) 30 (88.2%) 1
Regular 1 (7.7%) 4 (11.8%)
Distribution of skin lesions L1 1 (7.7%) 14 (41.2%) 0.064
L2 7 (53.8%) 9 (26.5%)
L3 5 (38.5%) 11 (32.3%)
Respiratory signs Present 7 (53.8%) 20 (58.8%) 1
Absent 6 (46.2%) 14 (41.2%)
Skin lesions Present 13 (100%) 32 (94.1%) -
Absent 0 2 (5.9%)
Mucosal lesions Present 6 (46.2%) 13 (38.2%) 0.743
Absent 7 (53.8%) 21 (61.8%)
Lymphadenomegaly Present 13 (100%) 29 (85.3%) -
Absent 0 5 (14.7%)
Retroviruses (FIV/FeLV) Positive 5 (38.5%) 7 (20.6%) 0.268
Negative 8 (61.5%) 27 (79.4%)
Functional rhinitis Present 7 (53.8%) 13 (38.2%) 0.510
Absent 6 (46.2%) 21 (61.8%)
Outcome Favorable (Cure) 3 (23.1%) 14 (41.2%) 0.248
Unfavorable 10 (76.9%) 20 (58.8%)
Castrated Yes 3 (23.1%) 16 (47%) 0.189
No 10 (76.9%) 18 (53%)
Sex Female 11 (84.6%) 24 (70.6%) 0.464
Male 2 (15.4%) 10 (29.4%)

*: isolates with discordant phenotype to molecular characterisation; **: isolates without discordant phenotype to molecular

characterisation; ***: p < 0.05.

When we described the data of the 14 strains that
showed intraspecific variations, 10 were from cats that
showed respiratory signs, seven from those showing mu-
cosal lesions, eight from cats with unfavorable outcomes
and all of them produced melanin. In the 13 strains that
showed phenotypes classified as Sporothrix spp. and S.
schenckii, six of these animals had mucosal lesions, seven
with the presence of respiratory signs, 10 with unfavor-
able outcomes and all 13 isolates had visible pigmentation.

In the 47 animals, 17 cats obtained clinical cure, of
these, 11 were treated with itraconazole and six with ke-
toconazole. Unfavorable outcome occurred in 30 cats, of
these, 14 were treated with itraconazole and 16 with ke-
toconazole. Comparing the treatment time to favorable
outcome in groups by Kaplan-Meier method, with and
without intraspecific genetic variation, no significant
difference was observed (Log rank p-value = 0.55).

In the 13 strains that showed discordant phenotypes,
only three had a cure as the clinical outcome, and the
median time of treatment until cure was 31 weeks. The
remaining 14 animals, without discordant phenotype
and which also had a cure as the outcome, obtained a
median time of treatment of 23 weeks. Thus, comparing

the treatment time to favorable outcome with the pheno-
type, the group with discordant phenotype had a longer
time to reach a favorable outcome when compared to the
group without discordant phenotype (p-value = 0.041),
and it is possible to observe in the Fig. 4.

DISCUSSION

The main focus of the present study was the pheno-
typic and molecular characterisation at the species level
of 47 isolates of Sporothrix spp. from cats treated at INI/
Fiocruz, Rio de Janeiro, Brazil, from 2010 to 2011. Poly-
phasic taxonomy was performed to identify the isolates.
The clinical and epidemiological characteristics of the
feline population from which the isolates were obtained
were included in the study and analysed together with
the results of the characterisation of the fungal species.

After the description of the species of the genus Spo-
rothrix, the identification of clinical isolates has been
performed worldwide, especially in regions where a
large number of sporotrichosis cases occur (Marimon et
al. 2008, Oliveira et al. 2011a, Almeida-Paes et al. 2014,
Liu et al. 2014, Rodrigues et al. 2016b). However, the
number of isolates characterised from animals is still
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TABLE IV

Association between clinical variables and thermotolerance found in isolates of Sporothrix brasiliensis from 47 cats assisted at the
Laboratory of Clinical Research on Dermatozoonosis in Domestic Animals (INI)/Fiocruz, Rio de Janeiro - Brazil, 2010 to 2011

Low thermotolerance High thermotolerance

Variables n=31 n=16 p-value®
General health Good 30 (63.8%) 12 (25.5%) 0.039*
Regular 1(2.1%) 4 (8.5%)
Distribution of skin lesions L1 10 (21.3%) 5 (10.6%) 0.175
L2 13 (27.7%) 3 (6.4%)
L3 8 (17%) 8 (17%)
Respiratory signs Present 14 (29.8%) 13 (27.7%) 0.028*
Absent 17 (36.2%) 3 (6.4%)
Skin lesions Present 30 (63.8%) 15 (31.9%) 0.626
Absent 1(2.1%) 1 (2.1%)
Mucosal lesions Present 12 (25.5%) 7 (14.9%) 0.738
Absent 19 (40.4%) 9 (19.1%)
Lymphadenomegaly Present 28 (59.6%) 14 (29.8%) 0.766
Absent 3 (6.4%) 2 (4.3%)
Retroviruses (FIV/FeLV) Positive 6 (12.8%) 6 (12.8%) 0.176
Negative 25 (53.2%) 10 (21.3%)
Functional rhinitis Present 12 (25.5%) 8 (17%) 0.458
Absent 19 (40.4%) 8 (17%)
Outcome Favorable (Cure) 13 (27.7%) 4 (8.5%) 0.252
Unfavorable 18 (38.3%) 12 (2.5%)
Castrated Yes 12 (25.5%) 7 (14.9%) 0.763
No 19 (40.4%) 9 (19.1%)
Sex Female 8 (17%) 4 (8.5%) 1
Male 23 (48.9%) 12 (25.5%)
*p<0.05.
WG

Fig. 2: dendogram demonstrating the degree of similarity between the profiles from the T3B polymerase chain reaction fingerprinting of the 47
feline isolates characterised as Sporothrix brasiliensis at the Laboratory of Clinical Research on Dermatozoonosis in Domestic Animals (INT)/
Fiocruz, Rio de Janeiro - Brazil, 2010 to 2011.
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TABLE V

Correlation between isolates characterised as Sporothrix brasiliensis that presented or not intraspecific variation,
with clinical and epidemiological variations of 47 cats assisted at the Laboratory of Clinical Research on
Dermatozoonosis in Domestic Animals (INI)/Fiocruz, Rio de Janeiro - Brazil, 2010 to 2011

Group I Group IT”
Variables n=14 n=33 p-value™
General health Good 13 (92.9%) 29 (87.9%) 1
Regular 1 (7.1%) 4 (12.1%)
Distribution of skin lesions L1 5 (35.7%) 10 (30.3%) 0.478
L2 6 (42.9%) 10 (30.3%)
L3 3 (21.4%) 13 (39.4%)
Respiratory signs Present 10 (71.4%) 17 (51.5%) 0.333
Absent 4 (28.6%) 16 (48.5%)
Skin lesions Present 12 (85.7%) 33 (100%) -
Absent 2 (14.3%) 0
Mucosal lesions Present 7 (50%) 12 (36.4%) 0.5181
Absent 7 (50%) 21 (63.6%)
Lymphadenomegaly Present 14 (100%) 28 (84.8%) -
Absent 0 5 (15.2%)
Retroviruses (FIV/FeLV) Positive 3 (21.4%) 9 (27.3%) 1
Negative 11 (78.6%) 24 (72.7%)
Functional rhinitis Present 8 (57.1%) 12 (36.4%) 0.214
Absent 6 (42.9%) 21 (63.6%)
Outcome Favorable (Cure) 6 (42.9%) 11 (33.3%) 0.740
Unfavorable 8 (57.1%) 22 (66.7%)
Castrated Yes 7 (50%) 12 (36.4%) 0.518
No 7 (50%) 21 (63.4%)
Sex Female 4 (28.6%) 8 (24.2%) 0.731
Male 10 (71.4%) 25 (75.8%)

*: isolates with intraspecific variation in molecular technique; **: isolates without intraspecific variation in molecular technique;

**% p <0.05.

low in relation to isolates obtained from humans (Olivei-
ra et al. 2011b, Rodrigues et al. 2013b), mainly to the fact
that zoonotic sporotrichosis is not cosmopolitan as clas-
sical sporotrichosis. In addition, the association between
clinical/epidemiological data of the cats with sporotri-
chosis and S. brasiliensis has not been performed so far.
Cases of feline sporotrichosis have been documented in
Malaysia, and studies conducted the characterisation of
these isolates. However, the clinical and epidemiologi-
cal characteristics of the cats have been poorly explored
(Kano et al. 2015, Han et al. 2017).

The description of the clinical profile of the feline
population affected by sporotrichosis in Brazil and in
other countries is similar (Davies & Troy 1996), even
though the epidemic occurring in Rio de Janeiro has par-
ticularities such as zoonotic transmission. In our study,
it was uncastrated males, without any defined breed,
and with unrestricted access to the street that were the
most frequently affected by sporotrichosis, corroborat-
ing with the findings of other authors who carried out
studies in Brazil, in the same region of the epidemic and
in other places (Schubach et al. 2004, Pereira et al. 2010,
Madrid et al. 2012, Gremiao et al. 2015).

The animals from which the isolates were obtained
came from the state of Rio de Janeiro, the vast majority
from the municipality of Rio de Janeiro (74.5%), followed
by Nova Iguagu (14.9%), Sdo Jodo de Meriti (6.4%), and
Duque de Caxias (4.2%). It was reported (Silva et al. 2012)
that the human cases of sporotrichosis in the metropolitan
region of Rio de Janeiro were located in greater concen-
trations in the city of Rio de Janeiro, followed by neigh-
boring municipalities, such as Duque de Caxias, Sdo Jodo
de Meriti, Nova Iguagu, Nilopolis, Belford Roxo and Mes-
quita. The fact that there are more cases, both human and
animal, in Rio de Janeiro is problaby due to the fact that
Fiocruz is based in the same municipality. These findings
corroborate the epidemiological data found in our study,
since the animals included were mostly from the mu-
nicipality of Rio de Janeiro and the municipalities of the
Baixada Fluminense region, with the areas where there
were human and animal overlapping cases.

Nodules and skin ulcers were the most commonly
observed lesions in the cats evaluated, corroborating the
findings of other authors (Davies & Troy 1996, Schu-
bach et al. 2004, Madrid et al. 2010, Pereira et al. 2010).
However, the distribution of skin lesions observed in our
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Molecular Isolate Species d Species d i e ) Visible colony _ Distribution of Treatmenttime . ral Respiratory Mucossl outcome
code code by tests by tasts pigmentation skin lesions eeks] health signs lesions
16 IPECES547 hrix spp. 5. brasilie No Low Yes Rio de Janeiro L2 36 Good No Conjunctival Favorable
26 IPECE440 5. 5 No Low Yes Rio de Janeiro L1 18 Good No No Favorable
4G PEC9020/1 5. brosiliensis 5. brasiliensis No Low Yes Rio de Janeiro L3 12 Good No No Inf; bl
5G IPECB671 5. brasiliensis 5. brasiliensis No Low Yes Sdo Jodo de Meriti L3 20 Good Ne No Unfavoublq
66 PECB639/1 5. 5. brasilienst: No High No Rio de Janeiro L3 4 Good Yes Nasal I
8G_ PECBG07/1 S brasiliensis 5. brasiliensis No High No Rio de Janeiro L2 16 Good Yes No Favorable
9G IPECBS84 5. brasiliensis 5. brasiliensis No Low Yes Rio de Janeiro L1 36 Good No No Favorable
10G  IPEC8488 5. 5. brasilienst No Low Yes Mova Iguagu L1 4 Good Yes Nasal I
116G IPECBG48 5. brasiliensis 5. brasiliensis Yes Low Yes Rio de Janeiro L3 36 Good No Conjunctival _Favorable
126 IPECE726 hrix spp. 5. brasili No Low Yes Rio de Janeiro L3 36 Good Yes No Unfavorable
136G PECB761/1 5. 5. brasiliens! Yes Low Yes Rio de Janeiro L1 16 Good Yes Nasal Favorable
14G__ IPECB986 _ S. brasiliensis 5. brasiliensis Yes Low Yes Rio de Janeiro L2 13 Good No Conjunctival _Favorable
156 IPEC8718 hrix spp. 5. brasilie Yes Low Yes Dugue de Caxias L2 4 Good Yes Nasal Unfavorable
17G  PEC8O08/: S5 5. brasiliens Yes High Yes MNova [guagu L1 18 Good Yes Nasal
186G PECE612/1 Sporothrix spp. 5. brasiliensis Yes Low Yes Rio de Janeiro L2 16 Good Yes No Favorable
196G IPECB695 hrix spp. 5. brasili Yes Low Yes Rio de Janeiro L3 13 Good Yes Nasal Unfavorable
20g  IPECBGBE S5 5. brasiliensi: Yes Low Yes Rio de Janeiro L2 22 Good No No Favorable
21G__ IPECB6T8 _ S. brasiliensis 5. brasiliensis Yes Low Yes Rio de Janeiro L2 4 Good Yes No Unfavorable
223G PECBBBL/: 5. brasiliensis 5. brasiliensis Yes High Yes Nova lguagu L1 6 Good Yes No Unfavorable
23G IPECE491 5 5. brasiliens! Yes Low Yes Nova lguagu L1 4 Regular Yes Conjunctival
24G_ PECETTS/1 5. brosiliensis 5. brasiliensis Yes High Yes Rio de Janeiro L1 36 Good Yes Nasal Favorable
29G IPEC8509 hrix spp. 5. brasili Yes High Yes Rio de Janeiro L3 28 Good Ne No Unfavorable
306G  PEC9115/1 S5 5. brasilienst: No High Yes Rio de Janeiro L2 16 Regular Yes Nasal
316G PEC9409/1 . brasiliensis S. brasiliensis No Low Yes Nova lguagu L2 4 Good Yes Nasal _ Unfavorable
32G_ IPEC9203 5. brosiliensis 5. brasiliensis No High Yes Sho Jodio de Meriti L3 36 Good Yes No Favorable
336G PECS056/1 5. brosiliensis 5. brasiliensis No Low Yes Rio de Janeiro L1 16 Good No No Favorable
34G  IPEC9236 5. b 5. MNo High Yes Rio de Janeiro L1 4 Good Yes Ne Unfavorable
356 PECO042/1 5. schenckii 5. brasiliensis No Low Yes Rio de Janeiro L3 4 Good Yes Nasal Unf;
376G IPEC9345 5. brasiliensis 5. brasiliensis No High Yes Rio de Janeiro L3 14 Good Yes No Unfavorable
38G  PEC90S0/1 S 5. No Low Yes Rio de Janeiro L2 4 Good Yes Nasal Unfavorable|
39G_ PECBO02/! 5. brasiliensis 5. brasiliensis No High Yes Rio de Janeiro L3 4 Regular Yes Nasal Unf:
40G  PEC8862/: Sp hrix spp. 5. brasilie No Low Yes 540 Jodo de Meriti L2 16 Good No No Unfavorable
416G PEC9099/1 5. 5 No High Yes Rio de Janeiro L3 4 Good Yes No Unfavorable
446G PECB664/: 5. brosiliensis 5. brasiliensis No Low Yes Rio de Janeiro L3 32 Good Yes Nasal Favorable |
47G  IPECE729 D hrix spp. 5. brasilie No High No Nova lguagu L2 17 Regular Yes Nasal Unlamrablel
438G PEC2012/: 5. 5. No High No Rio de Janeiro L3 14 Regular Yes Nasal  Unf; le|
439G PEC9101/:  Sperothrix spp. 5. brasiliensis No Low Yes Rio de Janeiro L3 36 Good Mo Conjunctival Unfs |
550G PECB756/! 5. brasiliensis 5. brasiliensis No Low Yes Rio de Janeiro L2 16 Good Yes Nasal Unfavorable
51G  PEC9090/! SPP- 3. No Low Yes Dugue de Caxias L1 32 Good No No Unf: I
53G_ PECB723/1 hrix spp. 5. brasiliensis Yes Low Yes Rio de Janeiro 12 16 Good Yes Nasal L
54G PEC9032/: & ili 5. lie No Low Yes Rio de Janeiro L 14 Good No No Unfavorable
55G  PECBES4/! 5. brasilienst 5. No Low Yes Rio de Janeiro L2 4 Good No No Unfe I
56G__ IPEC9260  Sporothrix spp. 5. brasiliensis No Low Yes Rio de Janeiro L2 16 Good No No Favorable
57G IPECB237 5 il 5 L No High No Nova lguagu L1 2 Good Ne No Favorable
58G  IPECBO04 5. brasiliensis 5. brasiliensis No Low No Rio de Janeiro L1 20 Good No No Favorable
559G PECI062/1 5. brasiliensis 5. brasiliensis No High Yes Rio de Janeiro L3 32 Good No No Unfavorable
60G  PEC9362/: 5. I 5. No Low Yes Rio de Janeiro L 12 Good No No Favorable

Fig. 3: clinical, epidemiological and phenotypic and molecular characterisation of the 47 isolates of the cats assisted at the Laboratory of Clinical
Research on Dermatozoonosis in Domestic Animals (INI)/Fiocruz, Rio de Janeiro - Brazil, 2010 to 2011.

study corroborated findings from the two largest studies
on feline sporotrichosis performed to date (Schubach et
al. 2004, Pereira et al. 2010), with a higher frequency of
L3 group followed by L1 and L2 groups.

The extracutaneous signs were similar to those previ-
ously described (Pereira et al. 2010), with sneezing, rhi-
norrhea and lymphadenomegaly the most frequent ones.
The presence of respiratory signs was associated with
therapeutic failure and the death of the animals (Pereira
et al. 2010). The difficulty in treating cats with sporotri-
chosis when there is nasal involvement, indicating that
the severity and extent of the lesions in this region may
make it difficult to cure, has been demonstrated previ-
ously (Gremido et al. 2015).

The cats studied here were submitted to systemic
oral azole therapy and the occurrence of unfavorable
outcomes was striking. The treatment of feline sporo-
trichosis with azole is complicated in some cases, with
clinical cure rates varying in studies conducted in Rio
de Janeiro (Schubach et al. 2004, Pereira et al. 2010,

Gremido et al. 2015), and this may be related to the etio-
logical agent predominantly associated with the epizotic
disease in the region, S. brasiliensis, which is the most
virulent of the pathogenic species of genus Sporothrix
(Arrillaga-Moncrieff et al. 2009, Almeida-Paes et al.
2015), in murine model studies. However in Rio de Ja-
neiro epidemics, Almeida-Paes et al. (2014) reported that
human sporotrichosis caused by S. schenckii requires
extended treatment times and high doses of itraconazole
when compared to cases of sporotrichosis caused by S.
brasiliensis. This may suggest that Sporothrix virulence
may be associated with the initial severity of the cases.
The characterisation of the isolates of Sporothrix
spp. from cats is fundamental in regions where zoonotic
transmission occurs, because these animals are the main
source of infection of this fungus for humans in most
cases (Oliveira et al. 2011a, Gremido et al. 2017).
However, up to now, characterisation at the species
level proposed by Marimon et al. (2007) is not performed
as routine in most diagnostic laboratories because it re-
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Fig. 4: association between groups with and without discordant phe-
notype compared to molecular characterisation, and the treatment
time to favorable outcome (in weeks) of cats assisted at the Labora-
tory of Clinical Research on Dermatozoonosis in Domestic Animals
(INI)/Fiocruz, Rio de Janeiro - Brazil, 2010 to 2011.

quires specialised training for personnel, adequate labora-
tory structure and these techniques are time-consuming.
Despite the importance of knowing which patho-
genic species of the genus Sporothrix are circulating in
Brazil, especially in the regions where the largest num-
ber of feline sporotrichosis occur, few studies on isolates
obtained from cats have been carried out to identify spe-
cies circulating in the state of Rio de Janeiro, the main
area of zoonotic transmission by the genus Sporothrix.
Since the beginning of the sporotrichosis epidemic in
Rio de Janeiro in 1998, 15 feline isolates from this re-
gion (Rodrigues et al. 2013b) were characterised by
means of molecular analysis, however, this was limited
to the identification the species, without taking into ac-
count the clinical and epidemiological characteristics of
the feline population as described in the present study.
S. brasiliensis has been described as an emerging
species, highly pathogenic for humans and animals, but
with a regional geographic distribution associated with
Brazil (Marimon et al. 2007, Arrillaga-Moncrieff et al.
2009, Oliveira et al. 2011a, Rodrigues et al. 2013b). This
was the only species found in our study, corroborating
with the single study with isolates from the epizootic
region of feline sporotrichosis in Rio de Janeiro (Ro-
drigues et al. 2013b). In the southeastern region of Bra-
zil, authors have described the prevalence of S. brasil-
iensis in cats affected by sporotrichosis, and reported
cases in all the states of Rio de Janeiro (Rodrigues et al.
2013b), Sdo Paulo (Rodrigues et al. 2013b), Minas Gerais
(Rodrigues et al. 2013b) and Espirito Santo (Oliveira et
al. 2013), corroborating our results. We believe that these
findings are basically due to the proximity of the states
of Sao Paulo, Minas Gerais and Espirito Santo to the

epizootic region of Rio de Janeiro and the possibility of
cats migrating from the endemic area to these adjacent
regions with their owners. Outside the Southeast region,
in the state of Rio Grande do Sul, there has also been a
description of S. brasiliensis circulating among animals
(Oliveira et al. 2011b, Sanchotene et al. 2015).

In six isolates characterised by molecular techniques
as S. brasiliensis, the pigmentation of the colony was not
observed macroscopically, but they developed globu-
lar and dematiaceous conidia, as described in previous
studies (Oliveira et al. 2011a). In one isolate, although
macroscopically was observed pigmentation, micro-
scopically there was only production of hyaline conidia.
The major explanation for this variation are the different
culture media recommended for macroscopic and mi-
croscopic evaluation of Sporothrix spp.

In 12 isolates (25.5%) it was not possible to reach
a taxonomic classification at the species level only by
means of phenotypic characteristics, other authors also
failed to reach a taxonomic classification (Oliveira et al.
2011a, 2013). In 11 of these isolates, only sucrose was as-
similated in the carbohydrate assimilation test, this be-
ing suggestive of the species S. pallida or S. globosa, but
these are not classified as S. pallida because of the pres-
ence of dematiaceous conidia and neither as S. globosa
because these isolates are thermotolerant at 37°C, which
do not occur with S. globosa isolates, that are unable to
grown at this temperature (Marimon et al. 2007). In one
isolate, sucrose and raffinose was not assimilated in the
carbohydrate assimilation test, which is suggestive of S.
brasiliensis, but there was no development of dematia-
ceous conidia. Therefore, it was not possible to identify
the species of these 12 isolates by this method. One iso-
late was phenotypically identified as S. schenckii, but
did not showed triangular conidia, which was also ob-
served in a previous study (Oliveira et al. 2011a). Ac-
cording to Marimon et al. (2007), the triangular conidia
could be a peculiar feature of the strains characterised as
S. schenckii. Since this isolate was further characterised
as S. brasiliensis, the absence of triangular conidia cor-
roborates the study of Marimon et al. (2007). Due to this
diversity of results in the phenotypic tests, we strongly
suggest that the identification of species of the genus
Sporothrix using only morphological and physiological
tests should be used with precaution.

All isolates of this study showed growth at 37°C, and
they were classified into those having low and high thermo-
tolerance. These isolates showed association with respira-
tory signs and general health condition, probably due to the
fact that strains with higher thermotolerance have greater
ease of dissemination (Almeida-Paes et al. 2015), generat-
ing more severe conditions and respiratory signs in the cats.

All isolates included in this study were identified as
S. brasiliensis by the T3B PCR fingerprinting technique.
Thus, we detected 13 isolates with differences between
their phenotypic and molecular identification, corrobo-
rating reports from other authors studying Sporothrix
isolates from humans in the same region (Oliveira et al.
2011a, Almeida-Paes et al. 2014) and in different regions
(Rodrigues et al. 2013a).
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Despite the inconclusive phenotypic results in 12 iso-
lates, the characterisation was performed using the mo-
lecular T3B PCR fingerprinting technique, through which
we successfully identified the species S. brasiliensis in all
of these cases. In another case it was categorised pheno-
typically as S. schenckii, however, in the molecular tech-
nique it was characterised as S. brasiliensis. Additionally,
this technique proved to be simple and fast, as previously
demonstrated by our group (Oliveira et al. 2015). These
results suggest that the characterisation of pathogenic spe-
cies of the genus Sporothrix should be based on the asso-
ciation of phenotypic and molecular techniques that allow
one to differentiate between the species.

There was a small degree of intraspecific varia-
tion among our isolates classified as S. brasiliensis, as
has also been found in other study with human isolates
(Oliveira et al. 2015). However, no association was found
between these findings and the clinical and epidemio-
logical data from the felines, suggesting that more stud-
ies should be carried out with a larger number of isolates
and more techniques, in order to study possible relation-
ships between the genotypes and phenotypes of Sporo-
thrix spp. and the clinical characteristics of the animals
naturally infected by these fungi.

The 13 isolates phenotypically characterised that had
discordant results compared to molecular results, when
associated with treatment time to favorable outcome
showed a significant result, demonstrating that these
animals had a longer time to reach the cure, when com-
pared to the group that did not had discordant phenotype.
Although the p-value was not statistically significant,
the distribution between the L1, L2 and L3 groups in
the isolates that showed phenotype discordant from the
molecular identification, it was not proportional to the
distribution of lesions in the general feline population
in the study. The major inconsistency in the phenotypic
tests was the assimilation of unexpected carbohydrates,
which can reflect an adaptation to survive under unpre-
dicted nutritional conditions. We suggest therefore, that
isolates that show a discordant phenotype may be more
virulent, requiring more investigations on virulence so
that such a comparison can be made.

We conclude that S. brasiliensis is the etiological
agent associated with feline sporotrichosis in the met-
ropolitan region of Rio de Janeiro, Brazil. For now, we
recommend the use of molecular techniques for the ef-
fective identification of feline isolates, due to the lack of
agreement between phenotypic and genotypic methods.
Although the number of isolates of Sporothrix from cats
with sporotrichosis included in this study is the larg-
est so far in Brazil, it was still not representative due to
the large number of cats presenting this mycosis in this
country, with the sample number being a limiting fac-
tor for some of the analyses performed. In order for the
correlation between the species found and the clinical
and epidemiological data on the cats might be performed
more reliably and so that an investigation into other spe-
cies circulating in the region might be carried out, we
suggest performing a multi-center study that includes a
larger quantity of clinical isolates of Sporothrix in dif-
ferent areas of high occurrence of the disease.
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