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Abstract: Sporothrix brasiliensis is an emerging fungal pathogen causing cat-transmitted sporotrichosis,
an epi-zoonosis affecting humans, cats and dogs in Brazil and now spreading to neighboring South
American countries. Here, we report the first two autochthonous cases of cat-transmitted sporotri-
chosis in Paraguay. The first case was a four-year-old male cat showing several ulcerative lesions,
nasal deformity and respiratory symptoms. The second case was a one-year-old male cat showing a
single ulcerated lesion, respiratory symptoms and nasal deformity. Both cases were admitted to a
veterinary clinic in Ciudad del Este, Paraguay. Isolates were recovered from swabs of the two cases.
Using molecular methods, the isolates were identified as S. brasiliensis.

Keywords: sporotrichosis; Sporothrix brasiliensis infection; diagnosis; zoonotic infectious diseases

1. Introduction

Sporotrichosis, caused by fungi of the genus Sporothrix, is the most prevalent and
globally distributed of the implantation mycoses [1]. Transmission is usually by tran-
scutaneous or transmucosal traumatic inoculation of the fungus present in soil, plants
and decomposing organic matter (sapronotic), and through enzootic (cat-to-cat/dog) and
zoonotic (cat-to-human) routes. Sporothrix schenckii and Sporothrix brasiliensis are the most
common etiological agents in human and animal diseases in Brazil [2,3].

Cat-transmitted sporotrichosis (CTS) is a neglected disease. Since the 1990s, this
important zoonosis has emerged as a public health problem in Brazil, where it has been
responsible for thousands of associated human and feline cases, which almost exclusively
involve infections with S. brasiliensis [4]. Cases have quickly spread throughout Brazil and
to other countries in South America [5]. In the enzootic (cat-to-cat, cat-to-dog) and zoonotic
(cat-to-human) routes, transmission can occur through bites, scratches, contact with exudate
from skin lesions and probably through respiratory droplets during cat sneezing [6,7].

In cats, clinical manifestations may include single or multiple ulcerative lesions on the
skin, associated with enlarged lymph nodes and respiratory signs (mainly sneezing). Most
commonly, cats can present a disseminated disease with multiple cutaneous lesions and
mucosal involvement, especially the nasal mucosa. Conjunctival, oral and genital mucosa
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may also be affected [8]. Culture isolation is the gold standard technique for the diagnosis
of sporotrichosis in animals. But since infected cats display a high fungal burden, the direct
examination of yeast cells isolated from skin lesions is frequently used by veterinarians
and microbiologists in clinical practice [6]. Molecular identification methods based on the
sequence analysis of the calmodulin gene are required to identify the Sporothrix species [9].

In Paraguay, the only reported CTS cases so far occurred in 2017 among relatives
who moved from Brazil with an infected cat. Laboratory tests performed identified the
etiological agent as Sporothrix spp. (without molecular identification). This was the first
record of a travel-associated case of Sporothrix outside Brazil or Argentina, documenting
the potential for spread to new areas through the transport of infected cats [10]. Other
cases supporting CTS’s potential to spread were observed in the U.S. and U.K. In 2020, a
Brazilian woman was diagnosed with CTS in Boston, U.S., after being bitten by a sick cat in
Minas Gerais, Brazil [11]. More recently, researchers reported the first human and feline
S. brasiliensis cases in the UK., both involving people who had moved from Brazil [12].
In 2019, the World Health Organization published an international alert on the potential
risk of transmission of infection by S. brasiliensis in neighboring countries [13]. Besides the
spread of CTS in Brazil, sporotrichosis cases caused by S. brasiliensis have been observed
in cats in other Latin American countries without previous exposure to Brazil [14,15]. In
Argentina, for example, S. brasiliensis has already been described in cats from the provinces
of Buenos Aires and Santa Cruz, located in the Argentinean Patagonian region. In Misiones,
a province bordering Brazil, there was a single description of S. brasiliensis isolated from
a human in 1986 [15]. In 2022, researchers from Chile described three cases of domestic
and feral cats with S. brasiliensis in the Magallanes region of southern Chile. Those cases
were the first isolation reports of S. brasiliensis in cats from Chile. Cases 1 and 2 came
from the Rio Verde County, a small rural village, and case 3 came from the city of Punta
Arenas [14]. Here, we report the first autochthonous feline cases of CTS by S. brasiliensis in
Paraguay (PY).

2. Case Presentation

This study was approved by the Committee for Ethics in Research of the Federal
University of Parana (number—CAAE 52726021.8.0000.0102) and by the Animal Use Ethics
Committee of the Agricultural Sciences Campus of the Federal University of Parana.

Ciudad del Este (CDE) (25°29'36” S and 54°4018"” W) is a city and district of PY,
located in the extreme east of the country on the banks of the Parana River. More specifi-
cally, it is situated on the Triple Border with Argentina and Brazil and has approximately
300,000 inhabitants. It is the capital of the Alto Parana department, located 327 km from
the country’s capital—Asuncién.

The first case observed in this city was a four-year-old mixed-breed male cat admitted
on June 22 to a veterinary clinic in CDE, with numerous ulcerated lesions and respiratory
symptoms. The animal had a history of respiratory signs (sneezing, nasal secretion and
respiratory difficulty) for about twenty-one days and ulcerated lesions for about two
months (beginning with lesions on the tail and later involving lesions on the face and
paws). After a physical examination, four lesions in the cranial region (Figure 1A), a small
nasal deformity (Figure 1A), one lesion in the left hind limb (Figure 1B) and four ulcerated
lesions in the initial and medial portion of the tail (which had been amputated due to tissue
necrosis) were found (Figure 1C).

Two months later (on August 22), a second case was admitted to the same veterinary
clinic in CDE. It was a one-year-old mixed-breed male cat showing a single ulcerated lesion
in the nose, respiratory symptoms (sneezing, nasal secretion and respiratory difficulty) and
nasal deformation. The onset of clinical signs occurred eight days before the presentation at
the clinic. After a physical examination, the only ulcerated lesion was confirmed, together
with a significant nasal deformity (Figure 1D). This patient, who presented symptoms two
months after the diagnosis of the first case, was from the same residence as the previous one.
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Figure 1. Lesions in the cranial region and a small nasal deformity (A), ulcerated lesion in the left
hind limb (B) and ulcerated lesions in the initial and medial portion of the tail (C) found after physical
examination of animal 1. Nasal deformity and ulcerated lesion (D) found after physical examination
of the animal 2.

In both cases, feline sporotrichosis was determined as the main diagnostic suspicion.
Relevant clinical and epidemiological data were collected through clinical-epidemiological
questionnaires applied to the owners (Figures Al and A2). The animals had a history of
climbing and scratching trees and burying their feces outside. They were neutered and had
no history of other previous illnesses. Both had had only their first rabies vaccine and access
to the yard, the street and other residences. The owners reported that both animals had
always lived in CDE and had no previous travel history. The geographic coordinates of the
cats’ residence were established using Google Earth® software. Cartographic bases from
the Brazilian Institute of Geography and Statistics (IBGE) were used for georeferencing the
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coordinates. Quantus Gis software (QGIS) was used to assemble the map (Figure 2). The
animals had not received any previous treatment with antibiotics and antifungals.

Case of Feline Sporotrichosis - Paraguay

#

Figure 2. Spatial distribution of the two animals with a positive diagnosis for sporotrichosis in
Ciudad del Este, Paraguay.

In the first case, the patient was referred for euthanasia due to his poorly clinical
status. In the second case, 100 mg/day itraconazole and 30 mg/day potassium iodide
therapy were applied for about eight months until the clinical signs disappeared and were
maintained for another two months to minimize the risk of recurrence.

For both cases, swab samples of the lesions and slides with an imprint of the lesions
were collected to perform the definitive diagnosis. Mycological examination of the slide
samples was performed based on direct Gram-stain microscopy, which enabled visualizing
cigar-shaped yeast structures in the feline samples (Figure 3A). Considering that culture is
the gold standard for the diagnosis of sporotrichosis [6], swabs collected from the wounds
were placed in Stuart’s medium and sent to the laboratory for mycological cultures. The
samples were cultivated on Sabouraud dextrose agar (SDA) (KASV], ttps:/ /www.kasvi.
com.br, accessed on 9 June 2022) containing chloramphenicol and incubated at 25 °C for
the growth of colonies for up to 10 days.

Macroscopic and microscopic characteristics of the colonies were observed and con-
firmed the fungi of the genus Sporothrix identity. The clinical samples showed growth of
a white, creamy colony at 25 °C (Figure 3B). For the identification of the mycelial phase,
monosporic cultures were grown on SDA at room temperature. We used the slide culture
method to characterize microscopic filamentous features of the Sporothrix spp. isolates.
We inoculated mycelia fragments into 1 x 1 cm SDA blocks, which were then mounted
on a slide, covered with a coverslip and incubated for 14-21 days at room temperature.
The mycelial preparation was stained with lactophenol blue and visualized with a Zeiss
AxioObserver Z1 microscope equipped with a 40 x objective. The microscopical analysis
showed hyaline hyphae and septate with rounded unicellular conidia (Figure 3C).
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Figure 3. (A) Cigar-shaped yeast structures (black arrow) observed in feline samples (Gram-stain,
1000x). (B) Sporothrix colony after growth on Sabouraud agar with chloramphenicol. (C) Micromor-
phology of Sporothrix spp. colonies (black arrow) (lactophenol cotton blue x400).

Molecular analysis of the two isolates was based on calmodulin (CAL) gene sequences.
For molecular identification, colonies cultivated on Sabouraud glucose agar (SGA) were
used for DNA extraction. The fungi mycelium was transferred to a 1.5 mL tube containing
100 mg of a silica celite mixture (2:1, w/w) and 300 uL. CTAB buffer [CTAB 2% (w/v),
NaCl 1.4 M, Tris-HC1 100 mM, pH 8.0; EDTA 20 mM]. Fungi cells were disrupted with a
pestle for 5 min and incubated for 40 min at 65 °C. Then, 500 pL 24:1 chloroform: isoamyl
alcohol (CIA) was added and the solution was centrifuged for 10 min at 20,500 g. The
supernatant was collected in a new tube with 2 vols of ice-cold 96% ethanol. The DNA
was precipitated for 2 h at —20 °C and then centrifuged for 10 min at 20,500 x g, washed
with cold 70% ethanol, dried at room temperature and resuspended in 100 pL in ultrapure
water [16]. DNA integrity was assessed by running a 5 pL aliquot of the extraction on
a 0.8% agar agarose-gel electrophoresis stained with 0.5 pg/ mL ethidium bromide. To
estimate the DNA yield, we used a NanoDrop 1000c Instrument (Thermo Fisher Scientific,
Waltham, MA, USA). Amplification of the CAL was performed using CL1 and CL2A
primers [17]. PCR reaction mixtures were made with a total volume of 12.5 uL (1x PCR
buffer, 2.0 mM MgCl2, 25 uM deoxynucleotide triphosphates (dNTPs)), 0.5 uM of each
forward and reverse primer, 1 U of Taqg DNA polymerase (Ludwig Biotec, Bela Vista, Brazil)
and 10 ng of genomic DNA. The PCR parameters for amplification were 94 °C for 3 min,
followed by 35 cycles consisting of 94 °C for 35 s, 58 °C for 30 s and 72 °C for 1 min,
and a delay at 72 °C for 1 min, performed in an ABI Prism 2720 thermocycler (Applied
Biosystems, Foster City, CA, USA). Amplicons were sequenced with BigDye Terminator
cycle sequencing kit v. 3.1 (Applied Biosystems, Foster City, CA, USA) according to the
manufacturer’s instructions, using the same primers of the PCR, and the amplification
conditions were as follows: 95 °C for 1 min, followed by 30 cycles consisting of 95 °C for
10's, 50 °C for 5 s and 60 °C. The consensus sequence of the CAL regions was visually
inspected using MEGA v.7 software [18] and compared to the GenBank Blast (NCBI). The
sequences of CAL were aligned with reference strains (Table A1) using the online MUSCLE
interface and the substitution model was selected for each genus using the MEGA software
(GTR + G). The chosen index was the one that presented the lowest AIC. The phylogeny
was constructed based on the CAL gene. Maximum likelihood analysis was performed
in the RaxML-HPC2 [19] implemented in the CIPRES server using the 1000 bootstrap to
reach split frequencies of <0.01. The resulting trees were plotted in FigTree v.1.4.2 [20]. The
results showed that the clinical strains were Sporothrix brasiliensis (Figure 4).
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Figure 4. Phylogenetic tree of Sporothrix brasiliensis, obtained by ML analysis based on partial
sequences of the CAL. The isolates CMRP5786 and CMRP5787 represent the isolates of Paraguay.
Reference strains used can be seen in Table Al.

3. Discussion

These are the first feline cases of CTS in PY. Human sporotrichosis is a deep mycosis,
relatively common in PY. In PY, this disease is still mostly related to the classic form of
transmission, the sapronotic route, and has the greatest effect on certain professions such
as carpenters, gardeners and farmers [10].

Ciudad del Este is situated near the Iguazu Falls at the busiest frontier in Brazil and in
the context of the triple international border between Brazil, Paraguay and Argentina. The
flow of people, animals, plants and microorganisms, sometimes without proper inspection
and monitoring, is constant. And in terms of the flow of people, Foz do Iguacu, as an
important tourist destination, presents other peculiarities, occupying the third place in the
preference of foreign tourists arriving in the country. Therefore, it is necessary to reflect
on how these international borders can contribute to the dissemination of microorganisms
such as S. brasiliensis in view of the lack of specific public health policies in this region [21].

In recent decades, the domestic cat (Felis catus) has played an important role in the
epidemiology of sporotrichosis due to its increased susceptibility to this disease and its
role as a vehicle of transmission to humans through bites, scratches, sneezing and contact
with secretions from infected animals [8]. Sporotrichosis in cats is generally systemic,
showing disseminated lesions with a high burden of infectious yeast-like cells and which,
without treatment, cause death [22]. Infected animals show disseminated cutaneous lesions
characterized by ulcers and nodules with exudate, especially on the face. Upon licking or
touching with the extremities, the agent is transferred to the paws or the mouth, facilitating
contagion. This behavior, together with the high burden of mycotic elements in the wounds,
facilitates contagion among cats and other animals such as dogs and humans [23].
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Although the first animal was euthanized, it is important to note that sporotrichosis
is treatable. The drugs indicated for sporotrichosis treatment are itraconazole, potassium
iodide, terbinafine and amphotericin B. Itraconazole is the first choice for treatment, at a
dose of 100 mg/day until the complete resolution of the lesions [24]. Treatment duration
varies in the literature and is determined by the patient’s clinical response. Furthermore,
it is important to point out that the capacity for transmission by the infected cat reduces
exponentially with the implementation of the treatment [15].

Furthermore, the animal’s history of access to the streets should always be consid-
ered during the period of treatment, especially in endemic regions [23]. Therefore, it is
worth highlighting the importance of considering sporotrichosis as a differential diagno-
sis for animals showing skin lesions due to the potential zoonotic risk of S. brasiliensis
transmission [25].

Animals under suspicion of sporotrichosis should be isolated from other animals. De-
contamination of the environment can be carried out with sodium hypochlorite (bleach) [8].
Injuries resulting from the typical behavior of cats in distress should be avoided through
the application of correct animal restraint techniques and the use of personal protective
equipment, such as procedure gloves, aprons and goggles [26]. This is especially important
as this fungal species has a high transmission potential due to contact with secretions and
exudates from the lesions of sick cats during treatment and handling procedures. Feline
management methods based on the “Cat-Friendly Practices” philosophy can help prevent
injuries, as they aim to keep the patient calm so that their handling is peaceful and safe [27].
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Appendix A

Table Al. Reference strains used for CAL gene alignment.

Species Isolate Code CBS Code Geographic Origin Source Genbank Reference
Sporothrix_schenckii Ss159 CBS_132976 Japan Human KF574464 [28]
Sporothrix_schenckii Ss141 CBS_132975 Brazil Human JQ041905 [29]
Sporothrix_schenckii - CBS_359.36_(T) NK Human AM117437 [30]
Sporothrix_schenckii - CBS_211.61 South Africa Not Know KP101393 [31]
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Table Al. Cont.
Species Isolate Code CBS Code Geographic Origin Source Genbank  Reference
Sporothrix_pallida - CBS_302.73_(T)  United Kingdom Soil AM398396 [32]

Sporothrix_pallida

CBS_131.56(T)

Japan

Soil

KX590811

[33]

Sporothrix_mexicana Ss 132 CBS_132927 Brazil Human JF811340 [34]
Sporothrix_mexicana FMR 9108 CBS_120341_(T) Mexico Soil AM398393 [32]
Sporothrix_luriei ATCC 18616 CBS_937.72_(T)  South Africa Human AM?747302 [35]
Sporothrix_humicola - CBS_118129 South Africa Soil KX590808 [33]

Sporothrix_globosa - CBS_120340_(T)  Spain Human KP101459 [31]
Sporothrix_chilensis Ss469 CBS_139891_(T)  Chile Human KP711815 [36]
Sporothrix_chilensis Ss470 CBS_139890 Chile Soil KP711816 [36]
Sporothrix_brunneoviolacea - CBS_101570 USA Vegetal KP017101 [31]
Sporothrix_brasiliensis Ss227 CBS_133004 Brazil Canine KC693876 [37]
Sporothrix_brasiliensis Ss226 CBS_133003 Brazil Feline KC693875 [37]
Sporothrix_brasiliensis Ss151 CBS_13299%4 Brazil Canine KC693864 [371]
Sporothrix brasiliensis 0090013908 - Brazil Human KJ769111 [38]
Sporothrix brasiliensis Ss05 CBS 132985 Brazil Feline KC693830 [37]
Sporothrix brasiliensis HUPE117298 - Brazil Human KC329494 [39]
Sporothrix brasiliensis HUPE114500 - Brazil Human KF048980 [40]
Sporothrix brasiliensis IPEC 16490 CBS 120339 (T) Brazil Human AM116899 [32]
Sporothrix brasiliensis CMRP5787 - Brazil Feline OR501574 This study
Sporothrix brasiliensis CMPRP5786 - Brazil Feline OR501573 This study
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Tranamisién por: () gato doméstico, { ) gato exteme. ( ) sin origen. ( ) ofro:

{ ) secrecién nasal, { ) contscto con secrecién, | ] mordedura, { ) rasguiio, [ ) rsuma por planta. Género:
{)F. () M. Edad: . Razar - Ooupasidn:
3. Realizado tratamiento: { } i, { }no, medicacién: 4. Cura clinica: | )

si. () no. 5. Alguien en el hogar tuvo: ( ) leishmaniasis. ( ) esquistosomiasis. ( ) diamea. ( ) fisbre
amarilla, { ) dengue, { ) hepatits, { ) leptospirosis, { ) malaria, ( ) otro; { Jninguna.
V. DATOS DE LABORATORIO:

1. Tipo de muestra:

2.l de laboratorio? o direcfo:

Cuiftura:

Figure A1. Clinical-epidemiological questionnaire applied to the owners.



J. Fungi 2023, 9,972 9of11

UNIVERSIDAD FEDERAL DE PARANA Frab UNIVERSIDAD FEDERAL DE PARANA
Slansr Invess g';‘;ﬁu Feapontable ol Mekiial G Prads - 2 e e mi@gﬂdl om B Inves g:ﬂuj't-fa Feeponeable: Caroioe Mechiot 3> Prad s sechior moeh m.-ggnw com
UFPR Laboratorio de Micologla f Rua Patre Camargo, 230. Curfiba, PR UFPR Laboratoria o2 Micologla | Rus Fadre Camargo, zau Curitoa. PR
CEP: B0.050-240 | Tek: (41) 3360-7241, (45) 95519-6604 A CEP: B.DG0-24D | ek {41) 3360-T241, [45) 956 19-6604
ESTUDIO REGIONAL SOBRE ESPOROTRICOSIS FELINA — CUESTIONARIO AMBIENTAL scoesa:  )si, ( }no, () no supo responder. 12. Otros animales en |a residencia: { } i, ( ) no, en caso
FECHA DERECOGIDA: ___/___ /2022 IDENTIFIGACION DELANIMAL: afirmativo, cusles y cudnos 13. Presencia de bosque
L DATOS DEL RESPONSAELE DEL ANIMAL (SI LOS HUBIERA): cerca de la residencia: [ ) si, ( ) no. sin 5i, &l gato tiene sccesor { )51 [ ) no, | ) no supo respander.
1. Nombre: 2. Teléfono 14. Presencia de fauna silvestre: ( i, { | no. 15. Distancia entre casas vecinas: { | sin espaciamiento.
3. Di () espaci medio, ( ) grande. 16. El gato tiene acceso a otras residencias: | )i,
4.C 3fica: { 1ne,{ ) no supe responder. 17. Presencia de ratas: ( ) si,( ) no. 18. Presencia de animales callejeros:
II. ACERCA DEL MEDIO AMBIENTE: () pemos, { ) gatos, { }otros:
1. Tipo: { } casa de mamposteria, { ) casa de madera, { ) casa de mamposteriaimaders, ( ) apartamento, Il SANEAMIENTO:
{ }"choza”, { ] otror 2 icidad: { ) en o hogar, ( }en la via plblica 1. Alcantarillado: ( ) sistema de akantarillado ( ) pozo negro. ( ) zanja. [ ) amoyosirios. ( ) al aire libre,
3. Calle: () pavimentado, { ) piso de tiera, { | pozoiboca de lobalcanal. 4. gServicios piiblicos en el () no supo responder. 2. Hay puntos de fugas de aloantarillado cerca de la residensia: ( ) <, ( ) no,
barrio? | | guarderia, { } colegio, ( ) centro de salud, { ) otro: 5 gTienes { ) no supo responder. 2. Fuente de agua: | } cistema, | ) agua tratada, ( ) pozo artesiano, ( ) rie. 3.
un patio trasero? { ) si, ( Jno. () susio sxpussto. ( ) oésped., ( ) jardin/macstas. ( ) husrio. [ ) drbales. Uluvia: { }inundacian, { ) retomo de aguas residuales. { ) basura en los sistemas de drenaje, { ) obro:
{ ) presencia de escombros, | ) materia orginica acumulada. 6. E1 gato tiene acceso a: ( ) 4. ;Vive cerca de un armoyo o rio? { }si, { }no, | ) en caso afimativo, ghay
expuesia, | ) césped, ( ) jardin/macetas, { ) huerta, ( ) drboles, () presencia de escombros, ) materia vegetacion en lss orilas? () Si( } Mo. 5. Limpieza urbana: ( ) no hay recolsccién de basura, | )
erganics acumulada, (| ne supe responder. 7. Que clase de arbol hay en el fraspatio: ( | mange, [ ) recoleccién de basura, frecuencia . 5i la basura no s= recoge. cudl es o desting: | )
aguacate, | ) angico, ( ) guayaba. [ ) seriguela, ( ) llorana, ( ) liman, () raranja, ( ) arete indio, ( ) ficus, basura quemada. ( ) basura entermada, ( ) basura levada al veredero, { ) otro:
() chisme. { ) ipé de colores. ( ) araucaria. { } jabubicabeira. ( ) plitanc. { ) otros: () recogida de reciciables, frecuancia: . ybamido, { } poda de drboles, ( ) recogida
8. Hay sefiales de raspaduras en los drboles: ( ) si. ( ) o, de animales muerios, | ) recogida de . 6. Disposicion de : { ) recogidos por la
&n caso afimmative, en qué fipo de Srbol: 9.Zona: ( jurbana, ) rural, { ) semirmural, alcaldia, { }tirados al suelo, ( ) recogidos en basurero, ( ) recogidos por cametones, | ) centro de reciciaje.
{ | perifariafavela. 10. Cria de mascotas en casa con fines comerciales: { ) si, ( }no.. en caso afirmativo { ) o pudo informar.
cusles y cusnios: , aque distancia de la casa?  fizne accaso V. OTROS COMENTARIOS RELEVANTES:

el gator () s (}no. [ ) no supo respondsr. 11. Cria de animales de produccion: ( ) i, (] na. ( )

galinero. ( ) poeiiga. ( ) cuniculura, { ) bovinos. ( ) equincs. [ ) pequefios rumiantes, ( )

ofros: ;ousl es la distancia de residencia? , ol gatotiene

Figure A2. Clinical-epidemiological questionnaire applied to the owners.

References

1.

10.

11.

12.

13.

Gongalves, S.S.; da Cruz Bahiense Rocha, I.; Rediguieri, B.C.; de Carvalho, J.A.; Maifrede, S.B.; Kruschewsky, W.L.L.; Falqueto, A,;
Rodrigues, A.M. Human and Feline Sporotrichosis in a Reference Center of Southeastern Brazil: Genetic Differentiation, Diversity,
and Antifungal Susceptibility of Sporothrix Species. |. Fungi 2023, 9, 831. [CrossRef]

Rossow, J.A.; Queiroz-Telles, E; Caceres, D.H.; Beer, K.D.; Jackson, B.R.; Pereira, J.G.; Gremiao, I.D.F,; Pereira, S.A. A One Health
Approach to Combatting Sporothrix Brasiliensis: Narrative Review of an Emerging Zoonotic Fungal Pathogen in South America.
J. Fungi 2020, 6, 247. [CrossRef] [PubMed]

Cognialli, R.C.R.; Céceres, D.H.; Bastos, F.d.A.G.D.; Cavassin, FE.B.; Lustosa, B.P.R.; Vicente, V.A,; Breda, G.L.; Santos-Weiss, I.;
Queiroz-Telles, F. Rising Incidence of Sporothrix Brasiliensis Infections, Curitiba, Brazil, 2011-2022. Emerg Infect. Dis. 2023, 29,
1330-1339. [CrossRef] [PubMed]

Gémez-Gaviria, M.; Martinez-Alvarez, J.A.; Mora-Montes, H.M. Current Progress in Sporothrix Brasiliensis Basic Aspects. J.
Fungi 2023, 9, 533. [CrossRef] [PubMed]

Schechtman, R.C.; Falcao, EM.M.; Carard, M.; Garcia, M.S.C.; Mercado, D.S.; Hay, R.J. Sporotrichosis: Hyperendemic by Zoonotic
Transmission, with Atypical Presentations, Hypersensitivity Reactions and Greater Severity. An. Bras. Dermatol. 2022, 97, 1-13.
[CrossRef] [PubMed]

Rodrigues, A.M.; Della Terra, P.P.; Gremiao, 1.D.; Pereira, S.A.; Orofino-Costa, R.; de Camargo, Z.P. The Threat of Emerging and
Re-Emerging Pathogenic Sporothrix Species. Mycopathologia 2020, 185, 813-842. [CrossRef]

Bastos, F; Farias, M.; Monti, F; Cognialli, R.; Lopuch, L.; Gabriel, A.; Vicente, V.; Razzolini, E.; Wu, K.; Queiroz-Telles, F. Spread of
Sporothrix Brasiliensis from the Sneeze of Infected Cats: A Potential Novel Route of Transmission. Med. Mycol. 2022, 60, 272.
[CrossRef]

Gremiao ID, F.; Martins da Silva da Rocha, E.; Montenegro, H.; Carneiro, A.].B.; Xavier, M.O.; de Farias, M.R.; Lopes-Bezerra, L.M.
Guideline for the Management of Feline Sporotrichosis Caused by Sporothrix Brasiliensis and Literature Revision. Braz. ].
Microbiol. 2021, 52, 107-124. [CrossRef]

Rodrigues, A.M.; Gongalves, S.S.; de Carvalho, J.A.; Borba-Santos, L.P.; Rozental, S.; Camargo, Z.P. de Current Progress on
Epidemiology, Diagnosis, and Treatment of Sporotrichosis and Their Future Trends. . Fungi 2022, 8, 776. [CrossRef]

Garcia Duarte, . M.; Wattiez Acosta, V.R.; Fornerén Viera PM, L.; Aldama Caballero, A.; Gorostiaga Matiauda, G.A;
de Oddone, V.B.R,; Pereira Brunelli, ].G. Esporotricosis Trasmitida Por Gato Doméstico. Reporte de Un Caso Familiar. Revista del
Nacional (Itaugud) 2017, 9, 67-76. [CrossRef]

Kaadan, M.L; Dennis, M.; Desai, N.; Yadavalli, G.; Lederer, P. One Health Education for Future Physicians: A Case Report of
Cat-Transmitted Sporotrichosis. Open Forum Infect. Dis. 2020, 7, ofaa049. [CrossRef]

Barnacle, J.R.; Chow, YJ.; Borman, A.M.; Wyllie, S.; Dominguez, V.; Russell, K.; Roberts, H.; Armstrong-James, D.;
Whittington, A.M. The First Three Reported Cases of Sporothrix Brasiliensis Cat-Transmitted Sporotrichosis Outside South
America. Med. Mycol. Case Rep. 2023, 39, 14-17. [CrossRef]

World Health Organization (WHO). Sporothrix Brasiliensis, an Emerging Fungal Pathogen, Notable for Its Zoonotic Transmission and
Epidemic Potential for Human and Animal Health in the Americas; WHO: Geneva, Switzerland, 2019.


https://doi.org/10.3390/jof9080831
https://doi.org/10.3390/jof6040247
https://www.ncbi.nlm.nih.gov/pubmed/33114609
https://doi.org/10.3201/eid2907.230155
https://www.ncbi.nlm.nih.gov/pubmed/37347527
https://doi.org/10.3390/jof9050533
https://www.ncbi.nlm.nih.gov/pubmed/37233242
https://doi.org/10.1016/j.abd.2021.07.003
https://www.ncbi.nlm.nih.gov/pubmed/34893422
https://doi.org/10.1007/s11046-020-00425-0
https://doi.org/10.1093/mmy/myac072.P462
https://doi.org/10.1007/s42770-020-00365-3
https://doi.org/10.3390/jof8080776
https://doi.org/10.18004/rdn2017.0009.02.067-076
https://doi.org/10.1093/ofid/ofaa049
https://doi.org/10.1016/j.mmcr.2022.12.004

J. Fungi 2023, 9,972 10 of 11

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Thomson, P.; Gonzélez, C.; Blank, O.; Ramirez, V.; del Rio, C.; Santibafiez, S.; Pena, P. Sporotrichosis Outbreak Due to Sporothrix
Brasiliensis in Domestic Cats in Magallanes, Chile: A One-Health-Approach Study. J. Fungi 2023, 9, 226. [CrossRef]
Etchecopaz, A.; Toscanini, M.A.; Gisbert, A.; Mas, J.; Scarpa, M.; Iovannitti, C.A.; Bendezu, K.; Nusblat, A.D.; Iachini, R,;
Cuestas, M.L. Sporothrix Brasiliensis: A Review of an Emerging South American Fungal Pathogen, Its Related Disease, Presenta-
tion and Spread in Argentina. J. Fungi 2021, 7, 170. [CrossRef] [PubMed]

Voidaleski, M.F,; Queiroz-Telles, F.; Itikawa, H.T.; Miiller, G.G.; Lima, B.]J.ES.; Trevisoli, L.E.; Cognialli, R.C.R.; Crispim, R.C.L,;
Vicente, V.A. An Atypical Etiology of Fungal Keratitis Caused by Roussoella Neopustulans. J. Fungi 2022, 8, 507. [CrossRef]
Rodrigues, A.M.; de Hoog, G.S.; de Camargo, Z.P. Molecular Diagnosis of Pathogenic Sporothrix Species. PLoS Negl. Trop. Dis.
2015, 9, €0004190. [CrossRef] [PubMed]

Kumar, S.; Stecher, G.; Tamura, K. MEGA?7: Molecular Evolutionary Genetics Analysis Version 7.0 for Bigger Datasets. Mol. Biol.
Evol. 2016, 33, 1870-1874. [CrossRef] [PubMed]

Stamatakis, A. RAXML Version 8: A Tool for Phylogenetic Analysis and Post-Analysis of Large Phylogenies. Bioinformatics 2014,
30, 1312-1313. [CrossRef]

Rambaut, A. FigTree v1.4.2, a Graphical Viewer of Phylogenetic Trees. 2014. Available online: http://tree.bio.ed.ac.uk/software/
figtree/ (accessed on 10 May 2023).

Prado, C.M.; Svoboda, W.K.; Chiyo, L.; Queiroz-Telles, F. Fundamentos de Satde Unica (One Health) e Planejamento Estratégico
Situacional para Implementagao de Politica Publica de Saude para Prevengao e Controle da Esporotricose na Regiao da Triplice
Fronteira (Brasil, Paraguai, Argentina). In Saiide Piiblica na Regido da Fronteira Brasil-Paraguai-Argentina; Pedro & Joao Editores:
Sao Carlos, Brasil, 2022; Volume 1, Chapter 5, p. 101.

Lecca, L.O.; Paiva, M.T.; de Oliveira, C.S.F.; Morais, M.H.F,; de Azevedo, M.L.; Bastos, C.D.V.E.; Keller, K.M.; Ecco, R.; Alves, M.R.S.;
Pais, G.C.T; et al. Associated Factors and Spatial Patterns of the Epidemic Sporotrichosis in a High Density Human Populated
Area: A Cross-Sectional Study from 2016 to 2018. Prev. Vet. Med. 2020, 176, 104939. [CrossRef]

Maschio-Lima, T.; Marques, M.D.R.; Lemes, T.H.; Brizzotti-Mazuchi, N.S.; Caetano, M.H.; de Almeida, B.G.; Bianco, L.M.;
Monteiro, R.C.; Rodrigues, A.M.; de Camargo, Z.P; et al. Clinical and Epidemiological Aspects of Feline Sporotrichosis Caused
by Sporothrix Brasiliensis and in Vitro Antifungal Susceptibility. Vet. Res. Commun. 2021, 45, 171-179. [CrossRef]

Rabello, V.B.S.; Almeida, M.A.; Bernardes-Engemann, A.R.; Almeida-Paes, R.; de Macedo, P.M.; Zancopé-Oliveira, R M. The
Historical Burden of Sporotrichosis in Brazil: A Systematic Review of Cases Reported from 1907 to 2020. Braz. ]. Microbiol. 2022,
53,231-244. [CrossRef] [PubMed]

Silva, C.E.; Valeriano, C.A.T.; Ferraz, C.E.; Neves, R.P; Oliveira, M.M.E,; Silva, ].C.A.L.; Magalhaes, V.; Lima-Neto, R.G.
Epidemiological Features and Geographical Expansion of Sporotrichosis in the State of Pernambuco, Northeastern Brazil. Future
Microbiol. 2021, 16, 1371-1379. [CrossRef] [PubMed]

Lloret, A.; Hartmann, K.; Pennisi, M.G.; Ferrer, L.; Addie, D.; Belak, S.; Boucraut-Baralon, C.; Egberink, H.; Frymus, T.;
Gruffydd-Jones, T.; et al. Sporotrichosis in Cats: ABCD Guidelines on Prevention and Management. J. Feline Med. Surg. 2013, 15,
619-623. [CrossRef]

Taylor, S.; St Denis, K.; Collins, S.; Dowgray, N.; Ellis, S.L.H.; Heath, S.; Rodan, I.; Ryan, L. 2022 ISFM/AAFP Cat Friendly
Veterinary Environment Guidelines. | Feline Med. Surg. 2022, 24, 1133-1163. [CrossRef] [PubMed]

Sasaki, A.A.; Fernandes, G.F,; Rodrigues, A.M.; Lima, FM.; Marini, M.M,; Feitosa, L.D.S.; De Melo Teixeira, M.; Felipe, M.S.S.;
Da Silveira, J.F.; De Camargo, Z.P. Chromosomal Polymorphism in the Sporothrix Schenckii Complex. PLoS ONE 2014, 9, e86819.
[CrossRef]

Fernandes, G.F; dos Santos, P.O.; Rodrigues, A.M.; Sasaki, A.A.; Burger, E.; de Camargo, Z.P. Characterization of Virulence Profile,
Protein Secretion and Immunogenicity of Different Sporothrix Schenckii Sensu Stricto Isolates Compared with S. Globosa and S.
Brasiliensis Species. Virulence 2013, 4, 241-249. [CrossRef]

Marimon, R.; Gené, J.; Cano, J.; Trilles, L.; Lazéra, M.D.S.; Guarro, J. Molecular Phylogeny of Sporothrix Schenckii. J. Clin.
Microbiol. 2006, 44, 3251-3256. [CrossRef]

Zhang, Y.; Hagen, E; Stielow, B.; Rodrigues, A.M.; Samerpitak, K.; Zhou, X.; Feng, P; Yang, L.; Chen, M.; Deng, S.; et al.
Phylogeography and Evolutionary Patterns in Sporothrix Spanning More than 14 000 Human and Animal Case Reports. Persoonia
Mol. Phylogeny Evol. Fungi 2015, 35, 1-20. [CrossRef]

Marimon, R.; Cano, J.; Gené, ].; Sutton, D.A.; Kawasaki, M.; Guarro, J.; Sporothrix Brasiliensis, S.G.; Mexicana, S. Three New
Sporothrix Species of Clinical Interest. J. Clin. Microbiol. 2007, 45, 3198-3206. [CrossRef]

de Beer, ZW.; Duong, T.A.; Wingfield, M.]. The Divorce of Sporothrix and Ophiostoma: Solution to a Problematic Relationship.
Stud. Mycol. 2016, 83, 165-191. [CrossRef]

Rodrigues, A.M.; De Hoog, S.; De Camargo, Z.P. Emergence of Pathogenicity in the Sporothrix Schenckii Complex. Med. Mycol.
2013, 51, 405-412. [CrossRef]

Marimon, R.; Gene, J.; Cano, J.; Guarro, J. Sporothrix Luriei: A Rare Fungus from Clinical Origin. Med. Mycol. 2008, 46, 621-625.
[CrossRef] [PubMed]

Rodrigues, A.M.; Cruz Choappa, R.; Fernandes, G.F; de Hoog, G.S.; de Camargo, Z.P. Sporothrix Chilensis Sp. Nov. (Ascomycota:
Ophiostomatales), a Soil-Borne Agent of Human Sporotrichosis with Mild-Pathogenic Potential to Mammals. Fungal Biol. 2016,
120, 246-264. [CrossRef] [PubMed]


https://doi.org/10.3390/jof9020226
https://doi.org/10.3390/jof7030170
https://www.ncbi.nlm.nih.gov/pubmed/33652625
https://doi.org/10.3390/jof8050507
https://doi.org/10.1371/journal.pntd.0004190
https://www.ncbi.nlm.nih.gov/pubmed/26623643
https://doi.org/10.1093/molbev/msw054
https://www.ncbi.nlm.nih.gov/pubmed/27004904
https://doi.org/10.1093/bioinformatics/btu033
http://tree.bio.ed.ac.uk/software/figtree/
http://tree.bio.ed.ac.uk/software/figtree/
https://doi.org/10.1016/j.prevetmed.2020.104939
https://doi.org/10.1007/s11259-021-09795-2
https://doi.org/10.1007/s42770-021-00658-1
https://www.ncbi.nlm.nih.gov/pubmed/34825345
https://doi.org/10.2217/fmb-2021-0142
https://www.ncbi.nlm.nih.gov/pubmed/34812048
https://doi.org/10.1177/1098612X13489225
https://doi.org/10.1177/1098612X221128763
https://www.ncbi.nlm.nih.gov/pubmed/36259498
https://doi.org/10.1371/journal.pone.0086819
https://doi.org/10.4161/viru.23112
https://doi.org/10.1128/JCM.00081-06
https://doi.org/10.3767/003158515X687416
https://doi.org/10.1128/JCM.00808-07
https://doi.org/10.1016/j.simyco.2016.07.001
https://doi.org/10.3109/13693786.2012.719648
https://doi.org/10.1080/13693780801992837
https://www.ncbi.nlm.nih.gov/pubmed/19180753
https://doi.org/10.1016/j.funbio.2015.05.006
https://www.ncbi.nlm.nih.gov/pubmed/26781380

J. Fungi 2023, 9,972 11 of 11

37.

38.

39.

40.

Rodrigues, A.M.; de Melo Teixeira, M.; de Hoog, G.S.; Schubach, TM.P,; Pereira, S.A.; Fernandes, G.F.; Bezerra, L M.L.; Felipe, M.S.;
de Camargo, Z.P. Phylogenetic Analysis Reveals a High Prevalence of Sporothrix Brasiliensis in Feline Sporotrichosis Outbreaks.
PLoS Negl. Trop. Dis. 2013, 7, €2281. [CrossRef] [PubMed]

Marques De Macedo, P; Sztajnbok, D.C.N.; Camargo, Z.P.; Rodrigues, A.M.; Lopes-Bezerra, L.M.; Bernardes-Engemann, A.R,;
Orofino-Costa, R. Dacryocystitis due to Sporothrix brasiliensis: A case report of a successful clinical and serological outcome with
low-dose potassium iodide treatment and oculoplastic surgery. Br. J. Dermatol. 2015, 172, 1116-1119. [CrossRef] [PubMed]
Orofino-Costa, R.; Unterstell, N.; Carlos Gripp, A.; De Macedo, PM.; Brota, A.; Dias, E.; De Melo Teixeira, M.; Felipe, M.S;
Bernardes-Engemann, A.R.; Lopes-Bezerra, L.M. Pulmonary Cavitation and Skin Lesions Mimicking Tuberculosis in a HIV
Negative Patient Caused by Sporothrix Brasiliensis. Med. Mycol. Case Rep. 2013, 2, 65-71. [CrossRef]

Castro, R.A.; Kubitschek-Barreira, P.H.; Teixeira, P.A.C.; Sanches, G.F,; Teixeira, M.M.; Quintella, L.P.; Almeida, S.R.; Costa, R.O.;
Camargo, Z.P; Felipe, M.S.S,; et al. Differences in Cell Morphometry, Cell Wall Topography and Gp70 Expression Correlate with
the Virulence of Sporothrix Brasiliensis Clinical Isolates. PLoS ONE 2013, 8, €75656. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1371/journal.pntd.0002281
https://www.ncbi.nlm.nih.gov/pubmed/23818999
https://doi.org/10.1111/bjd.13378
https://www.ncbi.nlm.nih.gov/pubmed/25155197
https://doi.org/10.1016/j.mmcr.2013.02.004
https://doi.org/10.1371/journal.pone.0075656

	Introduction 
	Case Presentation 
	Discussion 
	Appendix A
	References

