Brazilian Journal of Microbiology (2021) 52:107-124
https://doi.org/10.1007/s42770-020-00365-3

VETERINARY MICROBIOLOGY - REVIEW ;.)

Check for
updates

Guideline for the management of feline sporotrichosis caused
by Sporothrix brasiliensis and literature revision

Isabella Dib Ferreira Gremiao' @ - Elisabeth Martins da Silva da Rocha? - Hildebrando Montenegro? -

Aroldo José Borges Carneiro®” - Melissa Orzechowski Xavier® - Marconi Rodrigues de Farias” - Fabiana Monti” -
Wilson Mansho?® - Romeika Herminia de Macedo Assuncéo Pereira® - Sandro Antonio Pereira’ -

Leila M. Lopes-Bezerra'®

Received: 26 November 2019 /Accepted: 10 August 2020 / Published online: 29 September 2020
© Sociedade Brasileira de Microbiologia 2020

Abstract

We herein present a Brazilian guideline for the management of feline sporotrichosis, a mycosis caused by Sporothrix brasiliensis.
This guideline is an effort of a national technical group organized by the Working Group on Sporothrix and Sporotrichosis of the
International Society for Human and Animal Mycology (ISHAM). This publication intends to provide information on clinical-
epidemiological aspects of this zoonosis, as well as a literature revision. Moreover, it gives some practical information on
diagnosis and treatment of feline sporotrichosis. It also contains information that can be helpful for the prevention and control

of S. brasiliensis transmission.
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Introduction

Cat-transmitted sporotrichosis caused by Sporothrix
brasiliensis is an endemic neglected subcutaneous mycosis
in Brazil. This zoonosis has been reported in the south and
southeast regions for almost 21 years [1]. The geographic
expansion of zoonotic sporotrichosis to the northeast region
of the country occurred in the last 5 years [2]. Recently, feline
and zoonotic cases were reported in other South American
countries [3-5].
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Sporothrix brasiliensis was only identified in 2007 [6] and
included in the pathogenic clade of the Sporothrix genus [7].
Prior to the description of the new pathogenic cryptic species
within the Sporothrix genus [6], sporotrichosis was attributed
to a single etiological agent, Sporothrix schenckii, known as a
low virulent fungal pathogen [1].

The first human case of sporotrichosis was described in
1898, by Benjamin Schenck in the USA and the causative
agent was further identified as S. schenckii [8]. In 1907,
Adolph Lutz and Affonso Splendore reported sporotrichosis
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in brown rats (Ratus novergicus) they collected in Sdo Paulo
City, Brazil. These authors also described, for the first time,
the yeast parasitic phase of the fungus. Interestingly, they
proposed that the rats could acquire sporotrichosis by inges-
tion as they succeed to experimentally infect rats using this
route of infection [9].

The first evidence of cat-transmitted sporotrichosis was
documented in the USA, in 1952 [10]. In 1955, in Sao
Paulo State, southeast region of Brazil, the first human
case of sporotrichosis associated with a sick cat was re-
ported [11]. Several decades later, new cases of sporotri-
chosis in cats were reported in Sdo Paulo and, among
them, cases of human sporotrichosis due to cat-to-human
transmission [12, 13]. Interestingly, in 1906, De
Beurmann and Gougerot [14] isolated S. schenckii from
the fur of rats, cats, and rabbits living in stables with
infected horses. In conclusion, in the beginning of the
twentieth century, naturally occurring sporotrichosis was
described in animals and the possibility that healthy ani-
mals could carry the fungus was supported by some au-
thors [9, 14, 15]. These historical observations have an
important epidemiological significance and, somehow,
can be considered as a trigger for the cat outbreak we
are facing nowadays. In other words, the animal to human
cycle of Sporothrix spp. was already reported but had no
epidemiological significance until the cat-transmitted out-
break of sporotrichosis started in 1998, in Rio de Janeiro
State, located in the southeast region of Brazil [16-20].

From 1907 to 2007, a century has passed until the discov-
ery that sporotrichosis could be caused by at least three path-
ogenic species, S. schenckii, S. brasiliensis, or Sporothrix
globosa [1]. Moreover, while S. schenckii is found worldwide,
S. globosa and S. brasiliensis are geographically restricted and
predominant in Asia and South America [18-21]. It is impor-
tant to highlight here that, in Brazil, S. brasiliensis is now
known as the major etiological agent (>90% of the cases) of
human and feline sporotrichosis [22-25]. This emerging path-
ogen is associated to a systemic disease in cats, is highly
virulent, shows azole resistance, and is also related to severe
clinical cases in humans including hospitalizations and deaths
[26-38].

Due to the critical clinical-epidemiological panel of sporo-
trichosis associated with S. brasiliensis infection, the cat-to-
human transmission and the high susceptibility of cats to this
pathogen, a Brazilian guideline for the management of feline
sporotrichosis caused by S. brasiliensis was proposed by the
ISHAM Working Group on Sporothrix and Sporotrichosis.
The aim of this guideline is to provide practical information
that can help professionals in the management of this mycosis
in cats, including clinical-epidemiological data and recom-
mendations about diagnostic tools and treatment protocols.
Furthermore, information that can be helpful to prevent and
control S. brasiliensis transmission is also discussed.
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Epidemiology
Feline sporotrichosis caused by S. brasiliensis

Currently, S. brasiliensis, S. schenckii, and Sporothrix
humicola are the known causative agents of feline sporotri-
chosis [19, 20, 25, 39-42]. Cases of feline sporotrichosis were
reported in the USA, Mexico, Argentina, Paraguay, Malaysia,
Spain, Germany, Australia, Japan, Thailand, the UK, and
Brazil [3-5, 17, 18, 41, 42]. In this last country, an impressive
and exponential number of feline cases have been documented
in several states [2, 17,24, 29, 43, 44]. As already commented,
in Brazil, the main etiological agent of feline sporotrichosis is
S. brasiliensis [23-25, 31, 45, 46]. In contrast, in some Asian
countries, S. schenckii has been described as the causal agent
of sporotrichosis in cats [39-41, 47].

Sporotrichosis is acquired by the traumatic inoculation of
the fungus into the skin via contact with contaminated plants,
soil or decomposing organic matter, or less frequently, by
inhalation of conidia. Cat-to-human and cat-to-cat transmis-
sion generally occurs through bites or scratches of sick ani-
mals [16]. Two pathogenic species generally follow an envi-
ronmental route of transmission (sapronosis), S. schenckii and
S. globosa [19]. The sapronotic route of infection affects spe-
cific occupational populations, mainly agricultural workers
and gardeners [1, 19]. In contrast, S. brasiliensis is associated
to zoonotic and cat-to-cat transmission [17, 19] and the infec-
tion occurs mainly through scratches, bites, or contact with the
exudate of cutaneous lesions [43]. Some authors hypothesized
that the cats’ infection may occur through inhalation route, to
explain the high frequency of respiratory signs and nasal mu-
cosal lesions, as well as the isolation of the fungus from the
nasal cavity [43], lungs [48], and bronchoalveolar lavage
washings [49]. Cats also play a key role as a source of infec-
tion due to the high fungal burden of yeast cells observed in
the skin lesions [50] and the presence of the fungus in the
claws and the oral cavity [43, 46]. The factors that lead to a
high susceptibility of cats to S. brasiliensis infection, which
frequently develop a severe and/or systemic disease, are still
unknown.

Apparently, healthy cats have a minor role in S. brasiliensis
transmission [46]. The hypothesis that they can propagate the
fungus associated with their fur, is unlikely, but cannot be
discharged [14]. It was reported a low frequency of fungal
cells in the oral cavity and claws of healthy cats [46, 51, 52].
Dogs are also not directly involved in the transmission of
Sporothrix spp. in view of the scarcity of fungal organisms
in their cutaneous lesions [53] which is also observed in hu-
man lesions. Very few reports documented the dog-to-human
transmission [14, 54].

A higher occurrence of the disease is reported in young
adult male and unneutered cats. The presence of at least two
cats per domicile was reported in the majority of the cases
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[44]. The mobility of cats in open areas surrounding their
domiciles, their involvement in fights (especially for non-
neutered male cats), and their habit of scratching tree trunks
among other behavioral factors may facilitate the dispersal of
Sporothrix spp. into the environment [55].

The importance of natural sources to acquire S. brasiliensis
infection either for felines or other hosts is still not elucidated.
A single study showed that S. brasiliensis was isolated in the
feces collected from the small intestine of two-necropsied cats
and also in feces samples collected from a pile of sand [24].
Feces from diseased cats may contaminate the soil contribut-
ing to spread S. brasiliensis by creating new environmental
reservoirs as a source of contamination for animals and/or
humans [24]. In Argentina, S. brasiliensis was also isolated
from soil (cave of nine-banded armadillo) [4].

In addition, by a genome analysis of S. brasiliensis, it was
hypothesized that this emerging species is evolutionarily more
adapted to the parasitism of mammals compared to
S. schenckii [56].

Spatial distribution of feline sporotrichosis caused by
S. brasiliensis

Nowadays, Brazil is the country with the highest number of
cases of feline sporotrichosis already reported all over the
world. As mentioned before, feline sporotrichosis was first
described in Brazil in the 1950s and its occurrence remained
sporadic until the 1990s [12, 13, 57-61]. Two hundred and
forty-four cases in dogs (from 1998 to 2014) and 5.113 cases
in cats (from 1998 to 2017) were diagnosed and registered by
a single institution of Rio de Janeiro State, Instituto Nacional
de Infectologia Evandro Chagas, Fiocruz [2, 17, 62]. It is
necessary to be aware that these numbers indicate the severity
and endemicity of sporotrichosis but do not reflect the real
incidence of this disease either in Rio de Janeiro State or in
Brazil. After two decades, since the beginning of the outbreak
of sporotrichosis due to S. brasiliensis infection in Rio de
Janeiro State [17], the notification of the disease is still not
compulsory in Brazil with few local exceptions. In conclu-
sion, sporotrichosis is underestimated, is sub-notified, and re-
mains as a neglected disease.

Feline sporotrichosis is now reported in all states of the
southeastern region of Brazil: Rio de Janeiro [23, 25, 31,
46], Sao Paulo [24], Espirito Santo [63], Minas Gerais [64],
Rio Grande do Sul [65], Parana [66], and Santa Catarina [67].
Rio Grande do Sul State (RS) has the second largest series of
feline sporotrichosis recorded in the literature [29, 45, 65] and
the sporotrichosis outbreak was also registered in the late
1990s [68, 69]. Feline and human cases were reported in the
municipalities of Rio Grande and Pelotas, RS [29, 45, 70-72].
Since 2014, cases of feline and human sporotrichosis were
diagnosed in Parand, mainly in Curitiba City (the state capital)
and, according to data from the Zoonosis Surveillance Unit,

between January 2016 to August 2019, 793 cases of feline
sporotrichosis were reported (Farias M, personal
communication).

As commented previously, feline sporotrichosis was re-
corded since the 1960s in Sao Paulo State [12, 13, 24]. The
number of feline cases registered by the Centers for Zoonoses
Control (CCZ) of Sao Paulo and Guarulhos cities (SP) had
been increased since 2011 (Table 1).

In the last 5 years, an expansion of sporotrichosis occurred
to several other regions of Brazil with cases reported in the
following states: Mato Grosso [73], Mato Grosso do Sul,
Distrito Federal [74], Rio Grande do Norte [75], Paraiba
[76], Pernambuco [77, 78], Alagoas [79], Acre, and Para [2].
Studies on the identification of the causative agent of feline
sporotrichosis in the northeast region have not yet been doc-
umented. However, we believe that S. brasiliensis is respon-
sible for the outbreaks in all Brazilian regions as it was previ-
ously reported as the predominant Sporothrix species, in
Brazil [19].

In 2015, a local outbreak was registered in the city of
Camagari situated only 41 km distant from the most pop-
ulated area of Bahia State, Salvador City (the capital of
Bahia). Interestingly, between 2015 and 2018, no cases
were reported in the city of Salvador, even though a pub-
lic health surveillance, an alert for possible cases, was out
in 2015. The first autochthonous cases were detected in
Salvador City by March 2018, soon after the compulsory
notification of animal and human sporotrichosis took
place. Between March and December 2018, 289 suspected
cases were reported in animals (92% felines). The casu-
istry and a rapid dispersion of cases among several neigh-
borhoods of Salvador City suggests two hypotheses: spo-
rotrichosis was under-reported before the compulsory no-
tification (2018) and/or this zoonosis was introduced and
spread rapidly in the municipality. The example of
Salvador City illustrates how critical and important is
the notification of sporotrichosis. The notification allows
the public health system to monitor the disease, to inves-
tigate and diagnose cases in a timely manner, to register
epidemiological data, and to propose the necessary inter-
ventions for the management and control of this disease.
Sporotrichosis is also being alerted by health secretariats
of other capitals and metropolitan areas of the northeast
region of Brazil (Table 2). In conclusion, compulsory no-
tification must be introduced in all Brazilian states by the
Health Ministry; otherwise, this disease will continuously
spread without any epidemiological control.

Outside Brazil, to date, only Argentina has reported the
occurrence of S. brasiliensis infection in humans and cats [4,
5] which is alarming because this suggests the transboundary
expansion of sporotrichosis caused by S. brasiliensis to other
Latin America countries [2]. Importantly, health authorities of
Brazilian neighboring countries which have a dense transit of
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Table 1 Registered feline cases of sporotrichosis in some municipalities of Sdo Paulo state, Brazil, for the period of 2011 to 2019

City 2011 2012 2013 2014 2015 2016 2017 2018 2019 % Total
Guarulhos 2 5 9 24 171 490 923 929 1229* 3782
Séao Paulo 71 47 47 86 85 122 172 432 292 1354
Diadema 4 4 10 84 69 10 28 209
Itaquaquecetuba 14 45 1 1 61
Peruibe 4 24 32 60
Sao José do Rio Preto 2 34 36
Caraguatatuba 6 13 3 24
Aruja 3 12 1 16
Barueri 2 8 10
Campinas 1 1 2

Source of the data: H. Montenegro, personal communication (Center of Zoonotic Control (CCZ) of Sdo Paulo City) and W. Mansho, personal
communication (Center of Zoonotic Control (CCZ) of Guarulhos City)

# Partial data from January 1 to July 31, 2019
Data from January 1 to December 31, 2019

people and animals in a daily basis, such as Argentina,  Clinical aspects

Paraguay, Bolivia, and Uruguay, should be aware to identify

cases rapidly as well as, to implement policies for prevention ~ Feline sporotrichosis is a subcutaneous mycosis that can be
and control of sporotrichosis. clinically presented as a single lesion or as multiple cutaneous

Table 2 Feline sporotrichosis data available in the northeast region of Brazil, in the period of 2014 to 2019

City (state) Human confirmed cases Animal confirmed cases Period (month and/or year)
Rio Largo (AL)* 1 1 2014 (Marques-Melo et al. 2014)
Camagari (BA)* 70 - 2015 to 2017"
171 - January to December/2018"
Salvador (BA)* 56 (29) 289 (141) February to December/2018 (SMS, 2019)
Jodo Pessoa (PB)* 329 - January/2018 to May/2019"
- 232 (222) June/2018 to February/2019 (Costa MCL, 2019)
No city (PE)b 115 (59) March/2014 to February/2016 (Silva et al. 2018)
322 2016 to 2018™
No city (RN)° 131 195 (117) 2015 to 2019"Y

#Brazilian states of Alagoas (AL), Bahia (BA), Paraiba (PB), Pernambuco (PE), and Rio Grande do Norte (RN)
° The data is only available for the state without any municipality information

Source [in Portuguese]: Media, Technical Notes and Epidemiological Bulletins published by the Health Secretariat of the respective State or
Municipality. Data were accessed on July 2, 2020 and are available at the following websites:

L. http://www.camacari.ba.gov.br/secretaria-de-saude-de-camacari-emite-nota-de-esclarecimento-sobre-esporotricose/

I1. https:/portalcorreio.com.br/joao-pessoa-registrou-329-casos-de-esporotricose-em-humanos/

MII. https://www.folhape.com.br/noticias/transmitida-pelos-gatos-esporotricose-dispara-em-pernambuco/96249/

IV. https://gl.globo.com/rn/rio-grande-do-norte/noticia/2020/01/24/estudo-aponta-1-morte-e- 13 1-infectados-por-esporotricose-no-rn-pesquisadores-
alertam-para-crescimento-da-doenca.ghtml

Costa, M. C. L. Distribuigao espacial da esporotricose felina no municipio de Jodo Pessoa, estado da Paraiba, Brasil. 2019. Monografia (Graduagéo) -
UFPB/CCA

Marques-Melo EH, Lessa DFS, Nunes ACBT, Chaves KP, Porto WIN, Notomi MK, Garrido LHA (2014) Felino doméstico como agente transmissor de
esporotricose para humano: relato de primeiro caso no estado de Alagoas [article in Portuguese]. Rev. Baiana Satide Publica 38:490-498

Silva GM, Howes JCF, Leal CAS, Mesquita EP, Pedrosa PM, Oliveira AAF, Silva LBG, Mota RA (2018) Surto de esporotricose felina na regiao
metropolitana do Recife. Pesq Vet Bras 38:1767—-1771

SMS. Secretaria Municipal da Saude de Salvador. Diretoria de Vigilancia da Saude. Situagao Epidemiologica da Esporotricose em Salvador — BA, 2018.
Boletim Epidemioldgico n° 06, 2019. Disponivel em: http:/www.emevz.ufba.br/esporotricose-em-salvador-voce-tambem-pode-notificar
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lesions and, commonly, cats can develop a disseminated sys-
temic disease. The most frequent clinical form is characterized
by multiple cutaneous lesions with mucosal involvement, es-
pecially the nasal mucosa. However, cutaneous lesions may
be absent in a few cases. Conjunctival, oral, and genital mu-
cosa may also be affected. In addition, lymph node enlarge-
ment is frequently observed, while lymphangitis is less fre-
quent [43, 80].

The incubation period after a Sporothrix spp. infection to
the first signs is variable. The average incubation period is
14 days, but this incubation period may extend for months,
similar to which is observed in humans [80].

The skin lesions appear as nodules and ulcers in different
anatomical sites. They are usually located on the head, espe-
cially in the nasal region [43] (Fig. 1). Tumor-like lesions are
also observed (Fig. 2). The nodules may ulcerate and drain
serosanguinolent and/or purulent exudates. Some lesions form
crusts. Zones of necrosis exposing muscle and bone and my-
iasis can also occur [80, 81]. Cats usually exhibit a good
general health condition even though they present multiple
skin lesions and mucosal involvement [43]. Generally, hema-
tologic and serum biochemical abnormalities are consistent
with several infectious diseases. In the case of sporotrichosis,
these abnormalities are more frequent in cats presenting mul-
tiple skin lesions [43].

Extracutaneous signs, particularly respiratory signs (sneez-
ing, dyspnea, and nasal discharge) are frequent [80]. The oc-
currence of respiratory signs may precede the appearance of
cutaneous lesions or may be observed in cats without any skin
lesion [43]. In general, the lesions located in the nasal region
may reoccur after the clinical “cure” or are refractory to anti-
fungal treatment [82—84]. Nasal mucosal lesions and respira-
tory signs were associated with treatment failure and death
[31, 85]. Sporothrix brasiliensis infection is frequently asso-
ciated with the nasal mucosal lesions and of upper respiratory
signs in cats [25, 31, 84].

Disseminated sporotrichosis should be considered if the cat
presents a history of lethargy, depression, anorexia, and fever
[81]. Sporothrix spp. was observed by histopathology and/or

“"

Fig. 1 Cat with sporotrichosis caused by Sporothrix brasiliensis
showing multiple ulcerated skin lesions on the head

i n

Fig. 2 Cat with sporotrichosis caused by Sporothrix brasiliensis
showing a tumor-like lesion on the nasal region

could be isolated by culture from several organs of infected
cats such as the lungs, heart, spleen, kidneys, lymph nodes,
brain, adrenal glands, and liver, in specimens recovered after
postmortem examination [48, 86—88]. Hematogenous dissem-
ination may occur. This hypothesis is supported by the fact
that Sporothrix spp. was isolated from peripheral blood of cats
with either widespread cutaneous lesions or localized skin
lesions [88].

The correlation between the severity of sporotrichosis
and co-infection with feline immunodeficiency virus
(FIV) or feline leukemia virus (FeLV) (progressive infec-
tion) remains controversial. However, severe cases of fe-
line sporotrichosis are frequently described in animals ap-
parently immunocompetent. Several reports support that
dissemination of Sporothrix spp. is unrelated to FIV and/
or FeLV co-infections [43, 85, 88]. Furthermore,
Sporothrix-retrovirus co-infection in cats suggest an im-
munosuppression by their immunological parameters but,
so far, no association has been observed between retrovirus
co-infection, the duration of sporotrichosis treatment, and
to the outcome of the disease [85, 88-91]. Other comor-
bidities or immunosuppressive conditions cannot be ruled
out in cats with severe sporotrichosis. In addition, sporo-
trichosis is mainly reported in geographical areas of low
socioeconomic status and poor health assistance, and the
lack of vaccination and prophylactic deworming status in
the population of cats should also be considered as a pre-
condition for several comorbidities [91].

The differential diagnosis of feline sporotrichosis must
include neoplasias (mainly squamous cell carcinoma),
eosinophilic dermatosis, bacterial pyoderma, protothe-
cosis, mycobacteriosis, cryptococcosis, histoplasmosis,
phaeohyphomycosis, and American tegumentary leishmania-
sis, among others. The veterinarians should be alert to the
possibility of co-infection, in other words, to the parallel ex-
istence of sporotrichosis and other skin infections [80].

@ Springer
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Diagnosis

The diagnosis of feline sporotrichosis depends on laboratorial
tests, because clinical signs are nonspecific. The reference
standard method is the mycological test that is based on the
Sporothrix spp. isolation in culture media, its identification by
morphological parameters and the culture conversion to the
yeast phase. The disadvantages are (i) the necessity of a bio-
safety laboratory level 2 to manage Sporothrix spp. and other
pathogenic fungi, following the current legislation; (ii) culture
contamination is not uncommon, due to swab or biopsy sam-
ples contamination; and (iii) Sporothrix spp. is a slow-
growing fungus and the reference standard method requires
the conversion to the yeast phase by subculture at 37 °C. This
represents a mean time to a diagnostic result around 30 days.
Alternatively, cytopathological and histopathological exami-
nations are very useful tools for the routine and preliminary
diagnosis of this disease, especially in cats. Histopathology
also requires a biopsy. Cytopathology is based on a cutaneous
lesion imprint. For all these methods that will be described in
detail, a negative result does not discharge the disease.

Immunohistochemistry and polymerase chain reaction
(PCR) are other options for the diagnosis, but they are used
principally in research and have not been implemented in the
clinical routine, yet.

Recently, a serological test has been made available in
private laboratories for the preliminary diagnosis of feline
sporotrichosis. This ELISA test detects IgG antibodies against
a purified antigen of Sporothrix spp. and was recently validat-
ed for all clinical forms of feline sporotrichosis.

Importantly, previous treatment with topical or systemic
antifungal drugs can reduce the sensitivity of laboratorial
exams for the diagnosis of Sporothrix infection.

Mycological test

Nowadays, definitive sporotrichosis diagnosis is based on the
isolation and identification of Sporothrix spp. in culture by
morphological parameters. Samples for fungal culture can be
obtained by skin lesion exudate or mucosal secretions collect-
ed with a sterile swab, as well as lesion biopsies, lymph node
aspirates, and organ fragments collected during necropsy [92].

Ideally, the clinical samples should be seeded as soon as
possible in the appropriate culture media for fungal isolation.
Alternatively, swabs containing the specimen may be stored in
Stuart Transport Medium for a better preservation from the
clinic to the laboratory. Skin biopsies should be placed in
sterile saline for transportation to the laboratory. If immediate
culturing is impossible, specimens should be stored at 4 °C for
no longer than 8-10 h.

Sporothrix spp. is dimorphic fungus showing a mycelial
phase and a yeast parasitic phase. Isolation is easily obtained
after spreading of the biological samples on Sabouraud agar

@ Springer

with chloramphenicol and on media with cycloheximide, such
as Mycosel agar. After 5 to 7 days of incubation at 25 °C,
filamentous hyaline colonies start to grow, and they may de-
velop a dark color, usually in the centers of the colonies
(Fig. 3). To identify an isolate as Sporothrix spp., one must
demonstrate that it undergoes dimorphism by subculturing the
fungus on enriched media such as Brain Heart Infusion agar
(BHI agar) at 35to 37 °C for 5 to 7 days. After Sporothrix spp.
conversion to the yeast phase, colonies acquire a creamy as-
pect and a yellow to tan color [16]. Cultures should be ob-
served for up to 30 days because of the possibility of late
fungal growth.

The mycelial phase is characterized by thin, hyaline, sep-
tate, and branched hyphae containing conidiophores whose
apex forms a small vesicle with sympodially arranged denti-
cles. Each denticle produces one conidium, each measuring
approximately 2 to 4 um and conidia are arranged in flower-
like structures. Conidia become detached from the conidio-
phores, sometimes being arranged side by side in a row bilat-
erally to the hyphae. The yeast phase is pleomorphic, showing
spindle-shaped and/or oval cells measuring 2.5 to 5 um in
diameter and resembling a “cigar” [93]. Round and oval
yeast-like cells are commonly observed for S. brasiliensis
[36]. The microculture can be necessary in some specific
cases, either for confirmation by micromorphological identi-
fication or in the case of atypical strains. The PCR should also
be considered to identify Sporothrix spp., after the fungus
isolation in culture.

Direct microscopic examination

The cytopathological examination is a low-cost technique,
simple to perform and the result is provided quickly. In
addition, it does not require sophisticated technical training
or complex laboratory structure, but accuracy and experience
in identifying Sporothrix spp. are required [94-96]. The
imprint quality on a glass-slide is critical for a good micro-
scopic identification. Importantly, a negative cytopathological
examination result does not ruled out a Sporothrix spp.

-

Fig. 3 Macromorphology of the colonies of S. brasiliensis (strain
IPEC872), cultivated in PDA medium for 21 days at 30 °C
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infection and is recommended to be combined with other di-
agnostic tools.

In cats with sporotrichosis, the cytopathological examina-
tion from exudate of skin lesions usually reveals numerous
yeast-like cells that may be oval, rounded, or cigar-shaped,
with a diameter of 3 to 5 um and a length of 5-9 um. These
structures may be located inside macrophages, neutrophils,
and multinucleated or free giant cells, being surrounded by a
transparent halo (Fig. 4) and may be similar to those observed
in Histoplasma or Cryptococcus genus [94].

The staining methods routinely used in cytopathological
examination for the diagnosis of sporotrichosis are
Romanowsky type (Quick Panoptic method) and/or Gram
and Giemsa [96]. The stained slide should be analyzed by
light microscopy using at least 40x objective lens and ideally
100x% objective lens, for the accurate observation and identifi-
cation of yeast-like structures suggestive of Sporothrix spp.
[94].

This method has been widely used in the diagnosis of feline
sporotrichosis due to the high fungal burden in the skin lesions
of these animals, which facilitates the observation of fungal
structures [95]. In general, the sensitivity of this method varies
between 52.6 and 87% [94-97]. In cats under systemic anti-
fungal treatment, the fungal burden tends to decrease leading
to reduced sensitivity of the cytopathological exam [50]. A
cohort study with 196 felines was performed to compare the
effectiveness of the mycological test and the cytopathology
test. The authors concluded that the mycological test was
more sensitive (95.2%) in relation to the cytopathology
(52.6%) [97]. In another study, 806 cases of feline sporotri-
chosis were included. Cytopathological examination of the
skin lesions was positive in 636 cats, and the sensitivity of
this method in relation to fungal culture was 78.9% [94].

Cytopathology is recommended for preliminary diagnosis
in epizootic situations, as the positive result allows the initia-
tion of the antifungal treatment before isolation of Sporothrix

Fig. 4 Impression smear of a skin lesion from a cat with sporotrichosis
showing numerous cigar-shaped or oval yeast-like cells within macro-
phages and extracellular medium. The staining method used was the
Quick Panoptic stain

spp., especially when there are difficulties in performing fun-
gal culture [94-96]. A recent study reveals that the
cytopathological examination can be used to quantify the se-
quential fungal burden of skin lesions during feline treatment
[50]. It is noteworthy that in order to have therapeutic moni-
toring using cytopathological examination, it should be col-
lected a sequential exudate from the same skin lesion for
quantitative comparison of the fungal burden. A cell block
cytology was recently described as an efficient tool to diag-
nose sporotrichosis in cats [98].

Histopathological examination

The histopathological examination can be used for the prelim-
inary diagnosis of feline sporotrichosis. This diagnostic tool
may also give some information about the inflammatory re-
sponse and other alterations related to the skin lesion [80].

Tissue samples are collected by biopsy or necropsy. The
skin biopsy should be obtained from borders of active lesions
with a punch (3—4 mm), after local antisepsis with 70% alco-
hol and anesthesia with 2% lidocaine hydrochloride. In cats,
the sedation is strongly recommended. The samples are fixed
in 10% buffered formalin, embedded in blocks of paraffin
wax, microtome sectioned to 5 um thickness, and stained
[99].

The hematoxylin-eosin (H&E) is the routine staining
recommended to observe inflammatory cells and patholog-
ical alterations associated with Sporothrix spp. infection.
However, H&E staining does not allow a good visualiza-
tion of yeast-like cells of Sporothrix spp., the parasitic
phase, which can be confused with other pathogenic fungi
and protozoa. In addition, the microscopic alterations ob-
served are not disease-specific [92]. For these reasons, spe-
cific histochemical staining such as Grocott Methenamine
Silver (GMS) (Fig. 5) and periodic acid-Schiff (PAS)
should be used to identify the structure of Sporothrix spp.
[43, 87].
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Fig.5 Histological section from a skin lesion from cat with sporotrichosis
stained by Grocott Methenamine Silver (GMS). Numerous dark-brown

Sporothrix spp. yeast-like cells are observed
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In feline sporotrichosis, the occurrence of well-formed
granulomas is uncommon and is associated with a low fungal
burden. In most cases, malformed granulomas with poorly
activated histiocytes, which are often full of yeasts, are de-
scribed. Neutrophils, lymphocytes, plasmocytes, mast cells,
and eosinophils can also be observed [31, 100]. After the
initiation of antifungal treatment, feline sporotrichosis lesions
tend to have dermal fibrosis associated with
pyogranulomatous infiltrate [31].

The yeast structures of Sporothrix spp. are oval, rounded,
or cigar-shaped (4.0 and 6.0 pm) and may present narrow-
base buds, most often single. Less frequently, hyphae and
pseudohyphae can be observed [31]. The asteroid body is a
typical structure observed in tissue specimens of sporotricho-
sis’ patients but this finding is uncommon in animals [100].

Development of new diagnostic tools

Serologic techniques have been shown to be useful as a diag-
nostic tool and for monitoring the treatment response or re-
lapses of human sporotrichosis [101, 102]. Previously, ELISA
tests based on a purified Sporothrix spp. antigen (SsCBF) and
exoantigens had shown high sensitivity when evaluated with
sera of cats with confirmed sporotrichosis from endemic areas
[103]. To collect blood from cats, it is necessary to properly
contain the animal, thus avoiding the risk of scratches or bites.

Based on a preliminary promisor result, the human ELISA
test (SSCBF-ELISA) was adapted and validated with 62 sera of
infected cats (confirmed either by cytopathological examination
and/or fungal culture) and is now available in private laborato-
ries, thus expanding the diagnostic panel. When
cytopathological and serological tests are positive, the diagnosis
of sporotrichosis presents a specificity of 89.3% and a positive
predictive value of 92.5%, [104]).

The serology detection and quantification of IgG anti-
bodies by the SSCBF-ELISA test was also studied as a
therapeutic monitoring tool [105]. A serological scar
may remain for months but the IgG levels drop accord-
ingly to the therapeutic response. However, it is important
to notice that continuous exposure to the infectious agent
in a contaminated environment may keep high antibody
levels and a positive serology (seroconversion). In any
case, a diagnostic test result should always be associated
with the clinical findings.

Molecular tests are important diagnostic tools for identify-
ing Sporothrix. There is a growing demand for new methods
of molecular diagnosis to identify pathogenic species in tissue
samples. Few polymerase chain reaction (PCR) assays have
been described for the detection of Sporothrix in these sam-
ples; however, they are not yet routinely used in the diagnosis
of human and animal sporotrichosis [106, 107].

A PCR assay using chitin synthase 1 (CHS 1) was success-
fully performed for rapid and specific detection of Sporothrix

@ Springer

DNA and gender-level identification from skin lesion frag-
ment obtained by biopsy of a cat with sporotrichosis [106].

The detection and identification of Sporothrix at the species
level has been described using sequences of calmodulin genes
specific for PCR target species, which were used in different
tissue samples and feces of experimentally infected mice
[108]. In addition, the “rolling circle amplification” (RCA)
technique has been used successfully in the detection and
identification of Sporothrix spp. [109].

Treatment of feline sporotrichosis

Cats under systemic antifungal therapy, due to the consequent
reduction in the fungal burden, do not appear to play a key role
in the Sporothrix spp. transmission cycle. Therefore, the early
treatment of feline sporotrichosis should be performed [50],
based on a precise diagnosis. The cat’s general medical con-
dition, the occurrence of respiratory signs as well as the num-
ber, extension, and location of the lesions are factors that may
influence the prognosis. As feline sporotrichosis is hard to
treat, it requires a long period of daily care and cats do not
always respond well to treatment. A successful treatment de-
pends on the owner’s cooperation and persistence [84].

The abandonment of feline sporotrichosis treatment is fre-
quent (= 30—40%) and mainly occurs at the time that the cat’s
owner observes the healing of the skin lesions. Therefore, the
irregularity of the treatment may lead to the recurrence of the
disease, imposing difficulties to the cure process [43, 110]
and, in consequence, contributing to the transmission of
Sporothrix spp.

In general, lesions on the nasal region of cats are difficult to
treat. The severity and extension of the lesions (severe
pyogranulomatous inflammatory infiltrates, high fungal loads,
and extension of lesions to mucosa, cartilage, and bone) may
hinder their healing [84].

There are a limited number of oral antifungal agents for the
treatment of sporotrichosis in cats. The itraconazole demon-
strated good in vitro activity against strains of S. brasiliensis
isolated from cats [111-113]. However, the correlation be-
tween the in vitro antifungal susceptibility assay and the
in vivo therapeutic response must be made with caution.

Itraconazole and potassium iodide are the most commonly
used drugs to treat feline sporotrichosis [84]. Itraconazole re-
mains the drug of choice for the treatment and its effectiveness
as a monotherapy has already been reported [31, 43, 50, 69,
84, 85, 90, 113, 114]. In contrast, an increasing number of
itraconazole-insensitive strains over time was documented
[112, 116]. Generic and compounded itraconazole are not
bioequivalent to the reference drug. The use of compounded
itraconazole is not recommended, but the generic is a satisfac-
tory alternative to the reference drug [117, 118].
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It is important to note that treatment of feline sporotrichosis
remains a challenge in so many cases. Reports of therapeutic
failure and recrudescence are common, even when established
therapeutic protocols are used [90]. Cats with multiple lesions
and high fungal burdens tend to have persistent lesions and a
higher risk of treatment failure when itraconazole monothera-
py is used [31, 50], also a prolonged wound healing period
[31].

Potassium iodide capsules is an option for the treatment of
cats infected with S. brasiliensis. In addition, the potassium
iodide cost greatly favors its use because it is less expensive
than itraconazole [118]. Itraconazole combined with potassi-
um iodide is an effective treatment in naive cats (Fig. 6), with
a faster onset of action and a moderate percentage of adverse
effects [90]. It also represents an important option for the
treatment of refractory cases to itraconazole, especially for
those cats presenting nasal mucosal lesions and/or respiratory
signs [30]. Although the potassium iodide mechanism of ac-
tion is still unclear, this drug is very effective to improved
healing and promptly control the fungal burden [50].

Amphotericin B by intravenous administration is limited in
cats because of serious adverse effects. The lipid formulations
of amphotericin B have less nephrotoxicity than the conven-
tional drug and their use is indicated for the treatment of dis-
seminated forms sporotrichosis. However, the cost of these
formulations may be prohibitive [120]. The use of intravenous
liposomal amphotericin B combined with itraconazole was
successfully described in a case of feline sporotrichosis refrac-
tory to itraconazole alone [84]. On the other hand,
intralesional or subcutaneous amphotericin B, associated with
oral itraconazole, is a good alternative in cases refractory to
itraconazole monotherapy [82—84].

The potential of terbinafine for the treatment of sporotri-
chosis has been confirmed in human patients [121, 122], but
its effectiveness in the treatment of animal sporotrichosis is
unknown, so far. Recently, the successful use of terbinafine in
the treatment of two dogs with sporotrichosis caused by
S. brasiliensis was reported [123].

Fluconazole was used to treat a cat presenting cutaneous
lesions and respiratory signs. This drug was reintroduced

Fig. 6 a Cat with sporotrichosis
caused by S. brasiliensis
presenting an ulcerated lesion on
the nasal region before antifungal
treatment. b The clinical cure was
achieved after 14 weeks of
itraconazole (100 mg/24 h) and
potassium iodide (2.5 mg/kg/

24 h) therapy

shortly after the discharge due to the recurrence of respiratory
signs and the clinical cure was further achieved [114].
However, its effectiveness and safety in the treatment of feline
sporotrichosis needs to be clarified.

Thermotherapy [124], surgical therapy [125, 126], and
cryosurgery [127] are other options for the treatment of feline
sporotrichosis. Their use should be carefully evaluated ac-
cording to the case.

Recommended treatment regimens

According to the clinical evaluation of the animal and consid-
ering the severity of the case, i.e., the clinical condition, the
number and/or location of skin/mucosal lesions, and the pres-
ence of extracutaneous signs, especially respiratory signs, it is
recommended a itraconazole monotherapy or the association
of itraconazole with potassium iodide (capsule). These drugs
can be prescribed according to the doses described (Table 3).
Also, in Fig. 7, an algorithm for the treatment of cats with
sporotrichosis was demonstrated.

Itraconazole administered orally with food facilitates the
absorption of this drug. This drug should not be administered
with antacids (H2 receptor antagonists or proton pump
blockers) because alkalinity decreases its absorption [119].

Itraconazole and potassium iodide capsules can be opened,
and the dose (or a fraction) can be mixed in the wet food;
however, beads (itraconazole) should remain intact [36,
120]. The administration of the opened capsules together with
the food decreases the chances of contact with the diseased
animal and the risk of zoonotic transmission.

Recommendations if drug toxicity is detected

Temporary drug suspension is necessary due to clinical and/or
laboratory adverse reactions (nausea, anorexia, vomiting, in-
creased serum ALT), until the appetite returns and/or serum
hepatic enzymes return to reference levels (usually 1—
2 weeks). Thus, clinical and biochemical monitoring is strong-
ly recommended [120].
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Table 3 Recommended doses of itraconazole monotherapy or combined with potassium iodide (capsule) for feline sporotrichosis

*Previously recommended doses

Drugs Doses

Comments

>3Kg - 100 mg/24 h
ITZ capsule >1Kg<3Kg—> 50mg/24 h
<1Kg~—> 25 mg/kg/24 h

The use of compouded ITZ is not recommended

ITZ*

ITZ + KI capsules +
KI2.5 to 5 mg/kg/24h

In cases of poor clinical response, the dose of KI may be
increased to 10 to 20 mg/kg

KI should be costumed in capsules (compounding
pharmacies). In the first week, it should be given every
other day. From the second week, it can be given daily

Cats with an elevation in transaminases levels may also
receive a hepatoprotective therapy with oral silymarin
(30 mg/kg, once a day) or S-adenosylmethionine (SAMe)
(20 mg/kg, once a day) [128, 129].

Criterion of cure
The criterion for cure for feline sporotrichosis is still

clinical, with the disappearance of all the signs. It is
important to maintain the treatment for 1 month after

Fig. 7 Algorithm for the
treatment of feline sporotrichosis

ITZ. Itraconazole; Ki

the clinical cure. In cats presenting lesions (cutaneous
and/or mucosal) on the nasal region and/or respiratory
signs, the treatment should be maintained for 2 months
after clinical cure to minimize the risk of recurrence.
Clinical cure is observed regardless the initial clinical
findings or co-infection with FIV and/or FeLV [31,
43, 50, 85, 89-91]. Recurrence after clinical cure may
occur, which demonstrates the possibility of reactivation
of the lesions in spite of the end of the treatment [84].
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Euthanasia

Euthanasia may be indicated in situations of severe clinical
condition or unsatisfactory therapeutic response (cases of clin-
ical stagnation or worsening of the clinical condition). The
indication of euthanasia should always be made by a veteri-
narian, after careful clinical evaluation of the animal. The
carcasses must be incinerated to avoid environmental
contamination.

General recommendations

The cat should remain isolated from other animals throughout
the treatment, which may take few weeks to several months
(median time =4 months) [31, 43, 84, 85, 90]. The coopera-
tion of the owners is important in attempting a successful
therapy response.

The neutering/spaying of the cats is an important preven-
tive and control policy. This surgical procedure encumbers the
instinct for hunting, mating, and roaming the neighborhood
and therefore may reduce the chance of transmission of
Sporothrix spp. Importantly, cats clinically cured should be
neutered/spaying.

Antifungal topical treatment is not recommended. The use
of topical medications, like fly repellent ointment, must be
made with caution in sick animals because of the risk of zoo-
notic transmission.

In cases of concurrent bacterial infection it is necessary to
introduce a systemic antibiotic therapy. Glucocorticoids or
any immunosuppressive drugs are contraindicated because
the disease can worsen or recur.

As in humans, administration of any azole, terbinafine, and
potassium iodide should be avoided during pregnancy [130,
131]. However, the use must be considered in pregnant cats
because of the risk of zoonotic transmission and/or progres-
sion of the clinical signs.

Public health considerations and prevention

The reduction of public health risks due to zoonotic outbreaks,
mainly in high density populated urban areas, requires preven-
tion and control strategies. The frequency of zoonosis in-
creased in the last decades. They may be related to poverty,
poor sanitation, and anthropogenic changes in the environ-
ment [24].

In Brazil, feline sporotrichosis requires urgent preventive
policies to avoid transmission of the main causative agent,
S. brasiliensis [16]. The high risk of cat-to-human transmis-
sion along with the fact that the therapeutic regimen can be
long and expensive may discourage the compliance of owners
with the therapeutic protocols and the recommended care
practices. In consequence, the prevention and control of this

disease may be seriously affected [50]. Sporotrichosis can be
cured if treated accordingly and, together, health professionals
and animal owners are important players to contribute for the
epidemiological control.

During the handling of sick cats, it is important to follow
some specific biosafety procedures to reduce risks, such as the
use of personal protective equipment (PPE). The use of dis-
posable latex gloves and long sleeve disposable apron is com-
pulsory for veterinarians and their assistants. After the remov-
al of the gloves, hands, wrists, and forearms should be washed
with soap. In cases of occurrence of continuous sneezing and/
or multiple skin lesions, it is recommended to use facial mask
NO95 or PFF2 and safety goggles [132]. In addition, care must
be taken to avoid injuries and contact with exudate from le-
sions when manipulating cats with sporotrichosis. In case of
injury caused by scratches or bites of cats with sporotrichosis,
it is recommended to wash them immediately with soap and to
look for specialized medical assistance. Veterinarians should
also alert caretakers and owners of cats with sporotrichosis to
the possibility of zoonotic transmission [80].

Appropriate physical restraint or sedation of noncoopera-
tive patients must be done to allow a physical examination and
the collection of biologic samples for laboratory tests.

Cages or transport containers must be decontaminated
with sodium hypochlorite (1%), diluted 1:3 in water, for at
least 10 min. After clinical examination, tables used should
be disinfected with sodium hypochlorite solution (1%),
followed by alcohol 70%, for at least 10 min, using dispos-
able paper towels. Additionally, floors and walls must be
cleaned and disinfected daily with sodium hypochlorite
solution (1%) [132].

For public health purposes and to control epidemic cat-
transmitted sporotrichosis, an effective and viable thera-
peutic regimen applied to cats under field conditions is
necessary. Recent studies have shown that some therapeu-
tic protocols may reduce the fungal burden in cats with
sporotrichosis, even when the infection is caused by
S. brasiliensis [31, 50]. The early treatment of feline spo-
rotrichosis contributes for the disease control. Rapid pre-
liminary diagnostic tests with good sensibility to confirm
a clinical suspicious, like a cytopathological examination,
can be helpful for this purpose [50].

Public awareness programs on sporotrichosis prophylaxis
are required for (i) education for responsible ownership, which
includes proper health care for the animals and neutering, and
(i1) confinement of cats inside the home and limitation of the
number of cats per household.

Animals with sporotrichosis that were euthanized and/or
necropsied or evolved to death should not be buried, due to
the possibility of soil contamination by Sporothrix spp. The
carcasses must be packed in a milky white bag with a biolog-
ical risk symbol and kept under refrigeration until the inciner-
ation [132]. General public health policies such as basic
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sanitation, regular garbage collection, and cleaning of unin-
habited lots are also required [96].

The public health surveillance must be able to receive re-
ports of suspicious cases of sporotrichosis for an early diag-
nosis and to act in a timely manner to contain this zoonosis.

The first cases of sporotrichosis in Guarulhos City (SP)
were reported in 2011. Since then, the Technical Division
of the Zoonosis Control Center of Guarulhos City (CCZ/
Guarulhos) carried out the following several actions to
control the disease: (i) identification and treatment of ani-
mal cases, (ii) guidance and care for animal management
by the owners and, (iii) implantation of compulsory notifi-
cation (W. Mansho, personal communication).

In the city of Salvador (BA) with a recent history of a
zoonotic outbreak of sporotrichosis associated with cats, some
actions for the disease control were implemented:

1. After receiving a notification, a technical team from the
Center for Zoonoses Control (CZC), with the presence of
a veterinarian, conducted an epidemiological and clinical
investigation.

2. The laboratory diagnosis was a partnership with the
Laboratory of Mycological Research of the Federal
University of Bahia, where confirmatory cytopathological
tests and fungal culture were carried out.

3. After the case was confirmed for sporotrichosis, a CZC
team consisting of agents to combat endemic diseases
(ACE) conducted home visits to identify new cases; in-
struct residents on sporotrichosis and responsible owner-
ship; and publicize the CZC contacts.

4. Residents were informed about the benign evolution of
sporotrichosis in both animals and humans once the cor-
rect treatment was provided, free of charge, encouraging
suspect cases to be reported immediately to the public
health service.

The preliminary analysis of the benefits due to these inter-
ventions indicated a reduction in the casuistry, especially
when there is a joint action of the public health surveillance
team with the family health team of the primary health care
unit. These results are an encouragement for sporotrichosis to
be included in the national list of compulsory notification, as
well as to institutionalize the drug supply for the free treatment
of humans and animals of low-income populations.
Laboratory support is necessary for the confirmation of human
and animal case. The Central Public Health Laboratory should
be prepared to assist the municipalities that request it. In ad-
dition, interinstitutional partnerships should be encouraged
involving the academia, research institutions following the
One Health approach model advocated by the WHO, FAO,
and OIE (2019) [133].

Technology and innovation are important for the develop-
ment of new solutions which may improve this complex
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network and may help for the timely appropriate management
of infectious diseases.

One Health

Whereas S. brasiliensis can be transmitted from animals to
humans, surveillance should include the environment, in ad-
dition to people and animals, as advocated in the One Health
approach [18, 134]. One Health is a collaborative,
multisectoral, and multidisciplinary approach that recognizes
the connection between people, animals, plants, and their
shared environment. This is a challenge for human, animal,
and environmental health experts to work together to achieve
the best health outcomes for all [133]. From the One Health
perspective, an integrated approach model for sporotrichosis
prevention is presented (Fig. 8).

The prevention and control policies to constraints the ex-
pansion of sporotrichosis cannot be effectively implemented
and enforced by only one sector. A joint effort in this direction
is necessary and urgent.

Notification of sporotrichosis

Up to now, sporotrichosis is a notifiable disease only in Brazil,
and its incidence is based on previous studies in the literature.

In Brazil, compulsory notification is only made in the states
of Rio de Janeiro and Pernambuco, in addition to the munic-
ipalities of Guarulhos (state of Sao Paulo), Conselheiro
Lafaiete and Belo Horizonte (state of Minas Gerais),
Salvador and Camagari (state of Bahia), Natal (state of Rio
Grande do Norte), and Jodao Pessoa (state of Paraiba). Even in
regions where the compulsory notification is not performed,
veterinarians should notify the local Department of Health
when animal sporotrichosis cases occur.

Rio de Janeiro was the first state where human and animal
sporotrichosis have become a notifiable disease (2013 and
2014, respectively). Since then, all suspected human and an-
imal sporotrichosis cases should be recorded in the
Notification of Injury Information System according to the
guidelines and routines established by the State Health
Department of Rio de Janeiro.

In the city of Rio de Janeiro, a form for notification of feline
and canine sporotrichosis cases was created in 2018, with the
purpose of facilitating its filling by professionals, which is
available on the website of the city of Rio de Janeiro.
Notifications may be made by email: http://formsus.datasus.
gov.br/site/formulario.php?id_aplicacao=34080. In case of
impossibility to complete and send the form, it is important
to communicate, even by telephone, the data that will make
the investigation of the possible case feasible, such as the
number of affected animals, address, and other basic data.
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Fig. 8 The One Health approach
for prevention and control of
sporotrichosis
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When notification is compulsory, non-compliance is consid-
ered a serious federal sanitary infraction of the Code of Ethics
of the exercise of veterinary medicine, subjecting the profes-
sional to penalties such as suspension of professional practice.

In order to facilitate notifications to animal health agencies,
a mobile application (NOTVET) has recently been created. It
can be used by any citizen who has knowledge of cases of
animal diseases [ 135]. However, the creation of specific forms
for sporotrichosis and mobile applications does not dispense
campaigns to sensitize veterinarians about the importance of
notification of sporotrichosis.

Making sporotrichosis a notifiable disease, it could in-
crease awareness and potentially decrease the rate of zoonotic
sporotrichosis. Thus, the notification should be mandatory in
other states in Brazil, since this information could be used to
investigate cases that could prevent the spread of infection and
further cases, to assess the effects of public health interven-
tions, as well as, to facilitate the early identification of
outbreaks.

Vaccine candidates and perspectives

A specific and protective humoral response against Sporothrix
spp. has already been observed [136, 137]. In recent years,
potential antigenic targets for vaccine have been studied. It is
known that the cell wall of this fungus is an important source
of antigens for the development of vaccines. Recently, a study
using monoclonal antibody against gp70 (mAbP6E7) in the
treatment of sporotrichosis has shown promising results [138].
A vaccine based on peptides of a GP70 antigen showed

protection against S. globosa [139] and S. brasiliensis [140].
Another study demonstrated the protective capacity of a vac-
cine based on recombinant enolase (rSsEno) and
Montanide™ Pet Gel A (PGA) as an adjuvant against
S. schenckii [141]. However, despite all efforts, there is no
immunoprophylaxis or immunotherapy yet available against
Sporothrix spp. infection either in cats or in humans.
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