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Abstract

Cat-transmitted sporotrichosis (CTS) by Sporothrix brasiliensis is an important epizoonosis with alarming numbers of cases involving felines,
canines, and humans. Considering the increasing incidence of CTS this study sought to elucidate the epidemiological characteristics of cats
with sporotrichosis and evaluate the potential transmission routes of S. brasiliensis in several biological samples from cats with sporotrichosis.
Samples were collected from ulcerated skin lesions, front paws, nasal cavity, and droplets collected from sick cats during sneezing episodes in a
veterinarian university hospital, in the city of Curitiba, southern Brazil, between June 2021 and April 2022. A total of 100 cats with sporotrichosis
were enrolled in the study. The fungus was isolated in 60% of samples from the nasal cavity and 71% of respiratory droplets. The growth of
S. brasiliensis on the right and left front paw was observed in 41% of the cats included, and in 38%, there was growth of the fungus even
without an apparent lesion on the paw. Of the infected cats, 64% had multifocal lesions throughout the body. The identification of S. brasiliensis
in samples of exudate, paws, nasal cavity, and sneeze droplets suggests that transmission can occur not only through classic routes, but also
through the movement of the infected cat, as well as through respiratory droplets expelled by the cat sneezing or nasal drip. Furthermore, the
presence of S. brasiliensis on the paws of sick cats indicates the possibility that the fungus is being disseminated in the environment in which
the animal lives.

Lay Summary

Cat-transmitted sporotrichosis, caused by Sporothrix brasiliensis, is an emerging fungal disease that has become a major public health concern in
Brazil. Sporothrix brasiliensis has been isolated from several biological samples, suggesting non-classical routes of transmission of sporotrichosis.
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Introduction Sporothrix yeast that can infect humans and other animals

Sporotbrix brasiliensis, a thermo-dimorphic fungus, is the that have experienced mucocutaneous exposure. Other stud-

most prevalent agent of epi-zoonotic sporotrichosis in Brazil
and its emerging in South American bordering countries.! In
Brazil, Cat-transmitted sporotrichosis (CTS) affects thousands
of humans, domestic cats and dogs.>

The most common transmission routes include the trau-
matic transcutaneous or transmucosal implantation of the
yeast cells through scratches and bites.!? Exudates from feline
ulcerative mucocutaneous lesions may harbor a huge yeast
burden and be capable of infecting the ocular mucosa even
without a history of trauma.'’»!> Recently, Bastos et al.'’
identified that respiratory samples from cats with sporotri-
chosis are also potential sources of transmission of S. brasilien-
sis respiratory droplets created by a sneeze contain viable

ies also highlight the isolation of Sporothrix spp. on the paws
of apparently healthy cats, which may indicate a possible
source of transmission from colonized paws.!*13

Since it became a notifiable disease in the state of Parana
(SESA Resolution No. 93/2022), in 2024 the number of con-
firmed cases, according to epidemiological data from the
Parana State Health Department (SESA), reached 4816, 932,
and 50, in cats, humans, and in dogs, respectively. Other re-
gions in Brazil also reported outbreaks like Rio de Janeiro,
Rio Grande do Sul, Minas Gerais, Espirito Santo, and Sao
Paulo.®16-29 In recent decades, CTS has also had wide ge-
ographic expansion in countries in Latin America with few
cases already reported in Europe and North America.!»?!-22
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Figure 1. Sequence for collecting biological samples from a cat with sporotrichosis. (A) Exudate from an ulcerated lesion collected by sterile swab; (B)
Paw imprint in culture medium/Mycosel agar; (C) Secretion collected by sterile swab introduced into the nasal cavity; and (D) Collection of

droplets/respiratory secretions expelled during sneezing.

This study intended to contribute to expanding knowledge
about the epidemiological aspects of the disease in felines,
which indirectly helps in understanding the spread of hu-
man cases in the state. Furthermore, identifying other possible
transmission routes through the analysis of biological mate-
rials from cats helps us to understand human cases in which
there is no inoculation of the fungus through the classic routes
of biting and scratching. Thus, the study aimed to elucidate the
epidemiological characteristics of infected cats and evaluate
the potential transmission routes of S. brasiliensis in several
biological samples from cats with sporotrichosis in the city of
Curitiba, Parana State, Brazil.

Materials and methods
Study design

This was a prospective study that included cats treated at a
veterinary teaching hospital in Curitiba, southern Brazil, be-
tween June 2021 and April 2022 with suspected sporotri-
chosis. The inclusion criteria were domestic cats with clinical
and/or epidemiological suspicion of sporotrichosis, presenting
at least one skin lesion.

Animal sample collection

For each cat included in the study (z = 100), different biolog-
ical materials were collected: ulcerated skin lesions (7 = 100),
right and left front paws (7 = 200), nasal cavity (7 = 100),
and droplets expelled by sneezing (7 = 28).

The skin lesions and nasal cavities were collected using a
sterile swab (Fig. 1A,C). A direct imprint was made on the
Mycosel agar culture medium from the right and left front
paws regardless of the presence of lesions (Fig. 1B). For res-
piratory secretions droplets expelled during sneezing, a My-

cosel agar plate (Becton Dickinson - BD) was placed in front
of the animal’s nostrils, and a sterile swab was used to stimu-
late sneezing (Fig. 1D).

Data source and data collection

Epidemiological data were collected through a structured
questionnaire, covering detailed information such as gender,
age, weight, neighborhood of residence, lifestyle, reproductive
status, as well as aspects such as contact with other animals,
plants, and soil.

According to the location and number of lesions, clinical
forms were classified into fixed forms, lymphocutaneous, dis-
seminated form, and ocular forms. To collect the exudate sam-
ples, at least one lesion was required along the length of the
animal’s body (unifocal) or multiple lesions spread across the
body (multifocal). To collect the paws and nasal cavity the
animal could have lesions or not (Supplemental Content 1).

Laboratory tests

Cytopathological was performed only on ulcerated skin le-
sions, while fungal culture was performed on all types of speci-
mens (ulcerated skin lesions, nasal cavity, paws, and sneeze). In
cats with multiple skin ulcers, cytopathology and culture were
collected from the same lesion and the most affected region.
For cytological evaluation, the slides were fixed and stained
using a Romanowsky-type stain (Rapid Panothic-Laborclin)
to visualize fungal structures. Mycosel agar was utilized for
fungal culture. All samples were incubated at 25°C-30°C until
30 days. Once the colonies had grown, they were identified by
micromorphology and molecular sequencing. Isolated strains
were identified by micromorphology as Sporothrix spp. ac-
cording to the Atlas of clinical fungi.??
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Molecular analysis

Sporothrix isolates were identified at species level by par-
tial Calmodulin sequence. DNA extraction was performed
by using a cetyltrimethylammonium bromide protocol,** fol-
lowed by PCR amplification using primers CL1 (5’-GAR
TWC AAG GAG GCC TTC TC-3') and CL2A (5'-TTT TTG
CAT CAT GAG TTG GAC-3'), and by sequenced amplicons
using a BigDye Terminator v3.1 Cycle Sequencing Kit (Ap-
plied Biosystems). Consensus sequences were produced using
BioEdit v 7.2.5, and alignment was performed using MAFFT
online interface. Finally, phylogenetic reconstructions were
done in MEGA v7.0.26, using maximum likelihood with 1000
bootstrap replicates.

All isolates with molecular characterization were de-
posited in the Microbiological Collection of Parana
Network/Taxonline (https://www.cmrp-taxonline.com/)
(Supplemental Content 2).

Statistical analysis

To analyze the epidemiological and demographic profile of the
animals, a descriptive statistical analysis was performed. For
data related to the results of biological sample collections, Mi-
crosoft Excel® 365 and Minitab® 19 spreadsheets were used.
For inferential analysis, Pearson’s x2 distribution was applied
for association, and the value of P < .05 was considered sta-
tistically.

Ethics statement

This study was approved by the Ethics Committee on Re-
search in the Use of Animals of the Pontificia Universi-
dade Catodlica do Parana under the registration number
01691/2019.

Results

A total of 100 cats were enrolled in the study with confirmed
sporotrichosis by culture. The disease was more prevalent in
male cats (66%), aged between 1 and 2 years (49%), and av-
erage weight of 3.97 kg (range 1.6-7.6). Most of the cats were
not castrated (57%). In 77% of cases, the owners had other
animals in the same residence. Of those, 66% were cats, 10%
were dogs, and a single guardian had a domestic rabbit (7 = 1).
In 25% of the cases, the cat had contact with another sick cat
in the same residence. Additional information and details are
presented in Table 1.

Feline sporotrichosis was reported in 31/75 neighborhoods
in the city of Curitiba and 4/29 municipalities in the city’s
metropolitan region (Fig. 2). In the analysis, 57% of the cats
were indoors with outdoor access.

Isolation methods and characterization of the
strains

A total of 100 cytological examination and 428 culture spec-
imens were done to confirm the sporotrichosis infection in
the cats. Fungal culture demonstrated growth of filamentous
colonies, with membranous and white aspects in 56% of col-
lected samples (7 = 240) (Fig. 3A). Cytologic analyses showed
presence of oval and elongated yeastlike cells in a cigar form
that are compatible with Sporothrix spp. in 50% of cases
(Fig. 3B). Microscopic analysis showed hyaline, thin, septate,
and branched hyphae, with unicellular, hyaline or brown coni-

Table 1. Demographic characteristics of 100 cats with sporotrichosis in
Curitiba, Brazil.

Demographic variables TOTAL N (%)
Age (years)

<1 7(7%)
1-2 49 (49%)
3-4 21 (21%)
5-6 17 (17%)
7-8 6 (6%)
Sex

Male 66 (66%)
Female 34 (34%)
Neutering

Yes 38 (38%)
No S7(57%)
Not informed 5(5%)
Cat’s lifestyle

Indoor 35 (35%)
Indoor with outdoor access 57 (57%)
stray cats 8 (8%)
Contact with other sick cats

Yes 25 (725%)
No 75(75%)
Contact with soil and plants

Yes 86 (86%)
No 14 (14%)

d CASES

HIGH
MEDIUM

Low

Figure 2. Distribution of feline sporotrichosis cases in the city and
metropolitan region of Curitiba/Brazil between 2021 and 2022.

dia, globose to ovoid, resembling a daisy flower, compatible
with genus Sporothrix(Fig. 3C).

From the 28 samples collected from respiratory secre-
tions eliminated by sneezing, 20 (71%) showed growth of
Sporothrix spp. Regarding culture collected from the nasal
cavity, Sporothrix spp. was observed in 60% (60/100) of sam-
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Figure 3. (A) Macromorphology on Mycosel agar of Sporothrix in filamentous phase; (B) Impression smear from skin ulcer showing numerous yeast
cells (1000x magnification); and (C) Micromorphology of Sporothrix in the filamentous phase (400x increase).

ples, of that, the fungal culture was positive in 68% of cats
with sporotrichosis nasal cavity lesion (34/50) and in 52%
of samples collected from cats without any nasal abnormities
(26/50) (P = .102, Table 2).

Considering the cultures of samples collected from the front
paws (right and left), Sporothrix brasiliensis growth was ob-
served in 40% (81/200) of them. Of the cats that had no ap-
parent lesions on their paws, the fungal culture was positive
in 38% (67/178) of the samples, while cats with paw lesions
had a positive culture in 64% (14/22) of the cases (P < .03,
Table 2).

Regarding the distribution of skin lesions, 36% of the cats
had unifocal lesions and 64% of the cats had multifocal le-
sions. Fungal culture has higher isolation in cats with multifo-
cal lesions (92 %, 59/64) when compared with unifocal lesions
(56%, 30/36) (Table 2).

Of the skin lesion samples, 79% (n = 100) have a culture
positivity, of that, 96% (n = 48) have both positivity for cul-
ture and cytological examination. However, in 62% (n = 31)
of the cases, positivity was observed only in the culture sam-
ples with negative result for the cytological examination.

Of the 100 animals in the study, 74% (74/100) were an-
alyzed by molecular identification. The phylogenetic recon-
struction of the calmodulin gene sequence clustered all iso-
lates, with S. brasiliensis, identified the species as the only eti-
ological agent (Fig. 4). Of these, 28.4% were from cat sneezes
(21/74),12.2% were from lesions on the cat’s right or left paw
(9/74),17.6% from nasal lesions (7 = 13/74),and 41.9% from
other sporotrichosis lesions (31/74) (Supplemental Content
2).

Discussion

The present study provides insights into the potential trans-
mission routes of Sporothrix brasiliensis to humans, demon-
strating that even without apparent skin lesions in some fe-
lines, the fungus was isolated and may play an important
role in the transmission of sporotrichosis. Furthermore, it
describes geographic and epidemiological information about
cats treated in Curitiba and nearby.

A higher prevalence was observed in unneutered male cats
of reproductive age and with free access to the street. These

data corroborate with data already published which suggests
that cats with the habit of going outside are more suscep-
tible to becoming infected than cats, that don’t use go out
to fight for food, territory, or by the female.®**2¢ In an-
other study, it was observed that the chances of Sporothrix
positivity in animals that live partially at home are 3.02
times greater than in cats that do not have access to the
street.?’

In this study, we observed that 25% of animals may become
infected after having contact with another sick cat in the same
residence. It is noteworthy from these data that guidance to
the owner must be clear and objective, highlighting that the
animal diagnosed with sporotrichosis must be isolated from
the others until clinical cure, which can vary from weeks to
months (median time 4 months).28?? In the study by Paiva et
al.,’% the authors observed that the distance between animals
is linked to cases of spread of the fungus, so it is essential
to keep the cat in a separate environment, to minimize direct
contact with other animals and humans.

Almost all infected animals had contact with soil and
plants, which could be a potential route of environmental
transmission. In the study by Lecca et al.,>” there was no sta-
tistically significant association between environmental vari-
ables and a positive diagnosis for sporotrichosis. Macédo-
Sales et al.?’ also evaluated contact with plants and soil and
the results demonstrated that 72% of cats that had contact
with soil and/or plants had a positive culture, a lower per-
centage than cats’ healthy people in contact with the envi-
ronment. Nahal et al.,’' 49% of human patients reported
trauma involving plants and/or contact with soil, with S.
brasiliensis being the predominant species. For the authors,
non-zoonotic sporotrichosis is associated with infections ac-
quired after traumatic inoculation with plants and/or contact
with soil. Although the possibility of a classic route of trans-
mission from soil and plants should not be ruled out, studies
appear to support the hypothesis that direct transmission from
infected cats plays a more important role in the transmission
and ongoing outbreaks of sporotrichosis in Brazil >7-32

Cats with ulcerated lesions, mainly containing exudate, are
more susceptible to transmitting Sporothrix, either through
direct contact or through wiggling (the act of shaking the
body), affecting mostly mucous membranes, including the
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Table 2. Isolation of Sporothrix spp. from different clinical samples.

Variable (N) Positive culture (%) Negative culture (%) P-value

Droplets from the sneeze (28) 20 (71%) 8 (29%)

Nasal cavity (100) 102
With injury (50) 34 (68%) 16 (32%)
Without injury (50) 26 (52%) 24 (48%)

Paws (200) .019x%
With lesions (22) 14 (64%) 8 (36%)
Without lesions (178) 67 (38%) 111 (62%)

Distribution skin lesions (100) <.001x%
Unifocal (36) 20 (56%) 16 (44%)
Multifocal (64) 59 (92%) 5(8%)

Culture total (428) 240 (56,1%) 188 (43,9%)

Cytology results (100) <.001x
Positive (50) 48 (96%) 2 (4%)
Negative (50) 31 (62%) 19 (38%)

Legend:  x? test.

ocular region.!?>33 In this context, this study demonstrated
highly positive culture in exudate specimens, which indicates
a high risk of transmission occurring through this material.
Besides, the main clinical manifestation observed in this study
was disseminated forms, with multifocal lesions, therefore has
an increased risk of transmitting fungus when compared with
cats that present a single lesion (unifocal/fixed cutaneous). It
should be emphasized that the care taken when handling an
animal that presents one or multiple injuries must be the same,
highlighting the use of personal protective equipment by the
handler, isolation of the animal, hygiene of the environment,
and adequate treatment.

Nasal lesions are frequent manifestations in cats with
sporotrichosis, and may have an ulcerated appearance, with
the presence of blood, pus, or crust or just a nasal elevation
(nasal nodule). In those cats, we observed that S. brasiliensis
was isolated in nasal swab in most of them, however, it was
intriguing, half of the cats that did not present any lesion or
nasal elevation had positive culture, indicating a potential risk
of transmission, which could be eliminated through respira-
tory droplets from sneezing or through dripping secretions.'3

The first study that proposed sneezing as a new transmis-
sion route was conducted by the same authors,'> however, the
fungal species had not been investigated. In this study, we iden-
tify that all samples from respiratory secretions expelled by a
cat’s sneeze are S. brasiliensis. This is the main study that re-
ports a possible new route of transmission of sporotrichosis,
and with the molecular identification completed, it is high-
lighted that human cases, especially the ocular forms, deserve
attention for diagnosis and appropriate treatment.

Cats with sporotrichosis that did not have lesions suggestive
of sporotrichosis on their paws tested positive for Sporothrix
in 38% of the samples. Souza et al.,'* the authors isolated
Sporothrix from the paws of 29.1% of healthy cats that
lived with sick cats, demonstrating the importance of clini-
cally healthy cats carrying the fungus on their paws. In an-
other study carried out in Peru, where there are no reports of
zoonotic transmission, the authors also isolated S. schenckii
from the nails of healthy cats (2.38%), demonstrating the
importance of investigation in the feline population even in
non-endemic areas.!> Other studies on the investigation of
Sporothrix in the paws or claws of cats demonstrate a lower
frequency of positivity in animals without lesions suggestive
of sporotrichosis in this location.?>2%-3%:35 Although there is
no proof of transmission from paws colonized by Sprothrix,

the results found in this study demonstrate the importance of
research on the feline population, mainly for guidance on the
care of sick cats.

We also evaluated the results of cytopathology and fun-
gal culture. Although culture is the gold standard method,
cytopathology is a good diagnostic screening resource to de-
tect Sporothrix yeast cells with sensitivity between 52.6% and
87%.3637 In our study, negative cytopathological results but
with positive culture (62%) may be associated with the initia-
tion of treatment with compounded itraconazole in some cats
included in the research, which could reduce the sensitivity
of the method, however, studies show that compounded itra-
conazole is not bioequivalent to the reference medicine there-
fore would not be an effective treatment for feline sporotri-
chosis.3%3% Cytopathology is a quick, simple, and low-cost
technique, it is advisable that the veterinarian performs this
examination in cases where sporotrichosis is suspected, how-
ever, it is important to associate culture when possible because
the sensitivity of the method is greater.2%3

According to the molecular analysis, all isolates were iden-
tified as S. brasiliensis, the agent is commonly associated with
cat transmitted sporotrichosis in Brazil as reported previ-
ously.3? Those strains with near-complete calmodulin gene
sequencing, showed a high degree of similarity with previ-
ously sequenced isolates from Rio de Janeiro, Curitiba, and
Paraguay.2-$-32 Multi-typing analysis based on several iso-
lates from Brazil indicates that zoonotic transmission from
S. brasiliensis is based on clonal and recombinant Sporothrix
species,* in addition, molecular clock typing show that mul-
tiple zoonotic introductions happened during the last decades,
but the epidemiological strains from Curitiba match with the
strains from Rio de Janeiro epicenter of the disease.*!

The main limitation of this study was not evaluated if there
was transmission of sporotrichosis from cats included and
their tutors, although the owners who reported lesions were
referred for medical evaluation at a reference center.

The cases of sporothrichosis in felines in the city of Curitiba
was highest in the Campo Comprido district, which has a total
population of almost 27 000 inhabitants, an area of 8,55 km?,
and with most of the population living in houses.*> A region
that also presented a significant number of cases in felines was
the Industrial City of Curitiba. According to Cognialli et al.,®
this location also has a higher incidence of human cases. This
neighborhood borders Campo Comprido and is also mostly
made up of houses. The animal with sporotrichosis acts as
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Figure 4. Phylogenetic tree of the Sporothrix pathogenic clade based on calmodulin near-complete, genes constructed with maximum likelihood
implemented in MEGA 7.0.26. Bootstrap values > 80 from 1000 resampled data sets. Sporothrix brunneviolacea (CBS 793.73) was taken as outgroup.
Sporothrix brasiliensis is represented inside the red box, S. schenckiiis represented inside the yellow box, S. globosa is inside the green box, and S.
lurieiis inside the purple box. New strains isolates from the presented study are marked in bold.

a sentinel for possible new human and animal cases, which is CTS is an endemic and neglected disease in continuous ex-
why disease prevention and control actions must be linked not ~ pansion not only in Brazil, and there are still several gaps
only to human cases but also to cats from a one-health per-  on the infection. Therefore, the present study contributes
spective.3? These results can assist in prevention and control mainly with possible new routes of zoonotic transmission and
actions in areas with a greater number of human and feline unpublished data on epidemiology in the city of Curitiba,

cases. Brazil.
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