
Sporotrichosis is a globally neglected epizoonotic 
and sapronotic disease, primarily affecting the 

skin and subcutaneous tissues, caused by fungi of the 
Sporothrix genus, and represents the most prevalent 
implantation mycosis in Latin America, especially 
in Brazil (1). Sporothrix spp. are thermally dimorphic 
fungi from the order Ophiostomatales, showing fila-
mentous forms at 25°C–30°C in the environment and 
yeast-like forms at temperatures of 35°C–37°C, as in 
mammals (2). The main clinical pathogenic species 
are S. brasiliensis, S. schenckii, S. globosa, and S. luriei. 
S. schenckii and S. globosa are usually transmitted via 
the sapronotic route, involving traumatic implanta-
tion with plant or soil debris (3). During the past 3 

decades, zoonotic transmission of S. brasiliensis from 
infected cats to humans, other felids, and canines has 
resulted in multiple outbreaks in Brazil and other 
Latin America countries (4–7). Cat-transmitted spo-
rotrichosis caused by S. brasiliensis is a major public 
health concern in Latin America. Infections are rap-
idly spreading from Brazil to other countries, and 
cases have been described in Brazil (8,9), Argentina 
(5,10), Paraguay (4), and Chile (6). In addition, im-
ported cases in the United Kingdom (11) and United 
States (12) have been reported. Transmission by in-
fected cats, via yeast form (13), occurs through bites, 
scratches, direct contact with exudate from skin le-
sions, and probably through respiratory droplets by 
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Cat-transmitted sporotrichosis caused by Sporothrix 
brasiliensis is an emerging zoonosis in Latin America. 
Because treatment of feline sporotrichosis is often not 
effective, we sought to determine whether treatment fail-
ure results from S. brasiliensis strains that have existing 
elevated MICs for itraconazole, the primary treatment 
for this disease. During 2021–2023 at the triple border 
region of Brazil, Paraguay, and Argentina, 108 S. brasil-
iensis strains were isolated from felines before antifungal 
treatment. The main clinical manifestation was cutaneous 

disseminated sporotrichosis (61%), which was the only 
form resulting in sporotrichosis-induced deaths (61%). 
We conducted antifungal susceptibility testing for 9 anti-
fungal compounds, evaluating for both mycelial and yeast 
phases. MIC levels were low for most antifungal agents 
but were higher in the mycelial phase than in the yeast 
phase, especially for voriconazole and isavuconazole. We 
conclude that the varying clinical manifestations of sporo-
trichosis and large differences in mortality rates were not 
caused by elevated itraconazole MICs.
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cat sneezes (2,14). Cats are the primary animal hosts 
and main source of infection for other cats, dogs, and 
humans (15).

Cat-transmitted sporotrichosis outbreaks often 
involve clonal zoonotic transmission (8,16). To curb 
such outbreaks, one of the necessary measures is an-
tifungal treatment of cats (15). The drug of choice is 
itraconazole, although various refractory cases have 
been reported (17,18). Whether treatment failure re-
sults from high antifungal MICs is unknown because 
that possibility has been poorly investigated (19). 
Recently, high antifungal MICs against itraconazole 
were reported in isolates obtained from both cats and 
humans (19–21). Whether strains with reduced sus-
ceptibility are also transmitted or whether reduced 
susceptibility only develops during treatment remain 
unclear. Antifungal susceptibility testing (AFST), ap-
plicable to both the yeast and mycelial form, has not 
been standardized in dimorphic fungi, leading to dif-
ferent protocols. As a consequence, published MICs 
are currently difficult to compare. 

We investigated the spread of feline sporotricho-
sis in the triple border region between Brazil, Para-
guay, and Argentina by molecular genotyping. In 
addition, we obtained MICs for common antifungal 
drugs using microbroth dilution methods of both the 
yeast and mycelial phase to determine whether cats 
with sporotrichosis had S. brasiliensis with elevated 
itraconazole MICs at the onset of treatment. This 
study was approved by the Committee for Ethics in 
Research of the Federal University of Paraná (approv-
al no. CAAE 52726021.8.0000.0102) and by the Ani-
mal Use Ethics Committee of the Federal University 
of Paraná, Curitiba, Brazil.

Materials and Methods

Isolate and Data Collection
During July 2021–October 2023, we collected swab 
samples from 108 symptomatic cats that had lesions 
compatible with sporotrichosis. All cats lived in the 
triple border region between Brazil, Paraguay, and 
Argentina. Cats were selected through notification 
of the owners; health agents of the Zoonosis Control 
Center of Foz do Iguaçu, Brazil; veterinarians from 
private clinics and hospitals; and receipt at the Zoo-
nosis Control Center of animals suspected to be in-
fected. In Foz do Iguaçu, samples were collected at 
the homes of the cats or at the place indicated by the 
citizen in cases of stray cats. In Paraguay, samples 
were collected at private veterinary clinics. We ob-
tained clinical and environmental data by using ques-
tionnaires sent to the owners of each cat. 

We evaluated and classified all cats according 
to the types of their lesions and divided them into 3 
groups: cutaneous disseminated, cats with ulcerated 
lesions in different parts of the body and systemic 
signs; fixed cutaneous, cats with single ulcerated le-
sion without systemic signs; and extracutaneous, 
cats without ulcerated lesions but with other clini-
cal manifestations including sneezing, dyspnea, na-
sal discharge, and other respiratory symptoms. We 
used cartographic bases from the Brazilian Institute 
of Geography and Statistics (IBGE) for georeferencing 
the coordinates where cats lived and QGIS software 
(https://qgis.org) to assemble the maps. To deter-
mine clinical outcomes, we followed the cats for the 
duration of treatment, until they died, recovered, or 
were lost to follow-up.

Diagnosis and Molecular Investigation
We diagnosed sporotrichosis via fungal culture of swab 
specimens collected from the wounds, as previously de-
scribed (4). We cultivated specimens on Sabouraud dex-
trose agar (KASVI, https://www.kasvi.com.br) con-
taining chloramphenicol and incubated at 25°C–27°C 
for up to 10 days. We performed micromorphology of 
colonies to confirm Sporothrix growth and calmodulin 
sequencing for species identification, as previously 
described (4). As control isolates, we used S. brasilien-
sis CBS 133017 (GenBank accession no. KP101458.1), 
S. schenckii CBS 117440 (accession no. KP101386.1), S. 
globosa CBS 129721 (accession no. KP101478.1), S. lu-
riei ATCC 18616 (accession no. KT427639.1), S. mexi-
cana Ss133 (accession no. JF811341.1), S. chilensis Ss470  
(accession no. KP711816.1), S. humicola CBS 118129 
(accession no. KX590808.1), and S. phasma CBS 
119721 (accession no. KX590795.1). We deposited se-
quences generated in this study into GenBank (acces-
sion nos. OR501574, OR501573, and PQ741608–713) 
(Appendix Table 1, https://wwwnc.cdc.gov/EID/
article/31/9/25-0156-App1.pdf). We performed geno-
typing of isolates using short tandem repeats, as previ-
ously described (16) (Appendix).

AFST
We performed AFST for the mycelial and yeast phas-
es of all isolates using broth microdilution as outlined 
in Clinical and Laboratory Standards Institute (CLSI) 
reference standard M38 for the mycelial phase (22,23) 
and CLSI reference standard M27 for the yeast phase 
(24) (Appendix). For the mycelial phase, we cultured 
isolates on potato dextrose agar (Sigma Aldrich, 
https://www.sigmaaldrich.com) plates at 30°C for 
7 days and confirmed the absence of yeast cells micro-
scopically. For the yeast phase, we cultured isolates 
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onto brain–heart infusion plates (Xebios Diagnostics 
GmbH, https://www.xebios.com) at 35°C for 7 days, 
then performed a second passage on brain–heart in-
fusion plates at 35°C for 7 days. We then microscopi-
cally confirmed the absence of filamentous fungi. 

Results

Clinical Epidemiology
We obtained 108 isolates of Sporothrix spp. originat-
ing from 88 households (Appendix Table 1). Of the 

animals, 100 were from Foz do Iguaçu (Brazil), 4 from 
Ciudad del Este (Paraguay), and 4 from Hernandar-
ias (Paraguay). No animals had a history of travel to 
other regions. Sporotrichosis cases were initially only 
found in neighborhoods in the eastern region of Foz 
do Iguaçu (Figure 1, panel A), but over time, cases 
were found in other regions, close to the country bor-
der, especially around the international bridges (Fig-
ure 1, panels B, C). The prevalence of sporotrichosis 
cases was highest in the northern, southern, and east-
ern districts (Table 1), regions with the highest density  
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Figure 1. Heatmaps showing 
the spatial distribution of cats 
with proven sporotrichosis 
in the triple border region of 
Brazil (white), Paraguay (dark 
gray), and Argentina (light 
gray) during 2021–2023 in 
study of Sporothrix brasiliensis 
treatment failure without initial 
elevated itraconazole MICs 
in felids at border of Brazil. 
Red dots show locations of 
feline sporotrichosis cases 
during 2021 (A), 2022 (B), and 
2023 (C) and for all 3 years 
combined (D). Numbers in red 
dots indicate multiple positive 
cats in the same house.
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of humans (Appendix Figure 1). Furthermore, most 
cases were found at or close to low-income urban 
communities and favelas (Appendix Figure 2), which 
are low-income, dense housing settlements, charac-
terized by low socioeconomic status, precarious con-
ditions, and lack of essential services, mostly found at 
the eastern region of Foz do Iguaçu (Appendix Figure 
2). Of note, all cats had easy access to the street, other 
homes, backyards, and vacant lots. Feline sporotri-
chosis was more frequently in male cats (male:female 
ratio 2.8:1), adults, uncastrated cats, those not vac-
cinated for any disease, and those with little or no 
access to veterinary services; most cats did have an 
owner (Table 2). 

The main clinical manifestation was cutaneous 
disseminated sporotrichosis (61%), followed by fixed 
cutaneous (34%) and extracutaneous (5%) sporotri-
chosis (Table 3). The mortality rate was 61% for cats 
with the disseminated form, but no cats with the fixed 
cutaneous or extracutaneous forms died from sporo-
trichosis. Ten animals were euthanized because they 
lived on the street without owners, hindering any 
possibility of treatment; 8 cats were lost to follow-up.

All cats received itraconazole (25–100 mg/d), and 
those with disseminated and extracutaneous forms 
also received potassium iodide (2.5–20 mg/kg/24 
h, depending on the severity of symptoms). For the 
clinically cured cats, treatment duration ranged from 
2 to 15 months, and we observed no correlation to the 
clinical form (Table 4). For the cats that died, 12 never 
received treatment; for the others, treatment duration 
ranged from 1 week to 7 months.

Phylogenetic Analysis
Calmodulin sequencing identified all 104 isolates as 
S. brasiliensis, displaying no genetic variation within 
that gene. Short tandem repeat genotyping yielded 
20 genotypes, of which 6 previously had been found 
in other regions (16) (Figure 2). All isolates from 
the triple border region were highly related, and all 
grouped within the Rio de Janeiro clade, a previously 
described dominant group of genotypes originating 
from Rio de Janeiro, Brazil (16). In this study, those 
isolates often clustered with isolates from other re-
gions of Paraná, Rio de Janeiro, and several other 
states. In addition, isolates did not cluster based on 
clinical outcome; all clusters contained isolates from 
cats who were clinically cured, died, and were eutha-
nized (Appendix Figure 3).

MIC Investigation
For AFST, on the basis of Espinel-Ingroff et al. (23), 
who proposed epidemiological cutoff values (ECVs) 
based on the M38 CLSI protocol (22), we classified 
all isolates as wild-type for antifungal drugs with 
available ECVs (Figure 3). For the mycelial phase, 
itraconazole and posaconazole had the highest in vi-
tro activity, followed by amphotericin B. In contrast, 
fluconazole, voriconazole, and isavuconazole had 
low activity and high MICs. For the yeast phase, itra-
conazole, posaconazole, and isavuconazole showed 
the highest activity, followed by voriconazole and 
amphotericin B. Comparing susceptibility levels be-
tween both phases, isolates at the mycelial phase had 
higher MICs for all azoles (for example, differences in 
50% MIC values were 8-fold for itraconazole, 64-fold 
for voriconazole, and 128-fold isavuconazole) and 
amphotericin B, whereas terbinafine and echinocan-
dins had higher MICs at the yeast phase. Finally, the 
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Table 1. Prevalence of Sporothrix brasiliensis among cats in study of treatment failure without initial elevated itraconazole MICs in 
felids at border of Brazil 
District No. residences No. positive animals Prevalence/1,000 residences 
North 32,610 24 0.73 
West 32,705 3 0.09 
South 16,175 17 1.05 
North East 18,804 4 0.21 
East 36,315 52 1.43 

 

 
Table 2. Characteristics of cats tested in study of Sporothrix 
brasiliensis treatment failure without initial elevated itraconazole 
MICs in felids at border of Brazil 

Characteristic 
No. (%) cats  

Sporotrichosis No sporotrichosis 
Total no. 108 25 
Sex 
 M 80 (74) 17 (68) 
 F 28 (26) 8 (32) 
Age, mo. 
 <12 13 (12) 3 (12) 
 >12 95 (88) 22 (88) 
Castration status 
 Uncastrated 81 (75) 12 (48) 
 Castrated 23 (21) 12 (48) 
 Unknown 4 (4) 1 (4) 
Vaccination status 
 Never vaccinated 64 (59) 14 (56) 
 Full vaccination 11 (10) 4 (16) 
 Only primary  12 (11) 3 (12) 
 Occasional  4 (4) 3 (12) 
 Unknown 17 (16) 1 (4) 
Access to veterinary care 
 No access 76 (70) 22 (88) 
 With access 32 (30) 3 (12) 
Ownership 
 With an owner 95 (88) 24 (96) 
 Stray cat 13 (12) 1 (4) 
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geometric mean of strains isolated from cats with dis-
seminated disease that recovered was similar to those 
from cats that died (Appendix Table 2).

Discussion
Epidemiologic data show that, within 3 years, S. 
brasiliensis–induced sporotrichosis spread across the 
triple border region of Brazil, Paraguay, and Argen-
tina. The rapidly increasing number of cases in felids 
highlights the severity of sporotrichosis as a public 
health problem and the potential for outbreaks (25). 
The data also suggest that cat-transmitted sporotri-
chosis mainly affects an urban cat population in ar-
eas with a high concentration of humans and likely 
also cats, as compared with areas with a low density 
of humans (8,26). All cats in this study were free to 
roam outside with access to the street, other homes, 
backyards, and vacant lots, and although no cats had 
reported travel history, they were also able to roam 
freely across national borders in this region. We ob-
served introduction of sporotrichosis into Paraguay 
near the international bridges in the area. Further-
more, based on general assumptions, cases correlate 
with low socioeconomic status; the eastern region of 
Foz do Iguaçu has a low overall standard of living. As 
a consequence, most cats had owners but no access 
to a veterinarian (27). In most cases, owners were not 
financially able to provide basic resources for their 
cats’ health and, in cases of sporotrichosis, they were 
not able to provide diagnosis and treatment. There-
fore, public policies that provide such tools free of 
charge are crucial.

Although all reported sporotrichosis cases in 
both the Brazil and Paraguay sides of the border 
were included, most isolates originated from Bra-
zil. The population numbers for the cities at the tri-
ple border region are similar; the 2024 population 
of Foz do Iguaçu was 295,000 (28) and of Ciudad 
del Este was 339,000 (29). The numbers for the fe-
line populations are not known for either city. The 

differences in sporotrichosis cases are partly the 
result of the river between the 2 countries, which 
halted spread originating from the east of Brazil. 
In addition, differences between the healthcare sys-
tems of the 2 countries might play a role. In Brazil, 
the Health Unic System (SUS) is a decentralized 
system, meaning that the city decides how the re-
sources from the state and the federal government 
will be used (30). In Paraguay, a centralized health 
system has most action concentrated in the capital, 
Asunción, which is 324 km from the border (30). 
Although the Epidemiologic Laboratory in Ciudad 
del Este can track cases and diagnose sporotricho-
sis in cats and humans free of charge, not enough 
clinicians and veterinarians are available.

In this study, uncastrated and unvaccinated 
male cats represented most patients with feline 
sporotrichosis, as previously described (31). Unvac-
cinated cats may have comorbidities such as feline 
leukemia virus, calicivirus, herpes, and panleuko-
penia, leading to immunosuppression and rapid 
evolution to the disseminated form of sporotricho-
sis (32). Castration of male cats reduces produc-
tion of testosterone and curbs behaviors of territory 
disputes and sexual intercourse between male and 
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Table 3. Outcomes of cats with sporotrichosis according to 
clinical form of disease in study of Sporothrix brasiliensis 
treatment failure without initial elevated itraconazole MICs in 
felids at border of Brazil* 
Outcomes No. (%) cats  
Cutaneous disseminated disease, n = 66 
 Death 40 (61) 
 Clinical cure 16 (24) 
 Lost to follow-up 3 (4) 
 Euthanized 7 (11) 
Fixed cutaneous disease, n = 37 
 Clinical cure 29 (78) 
 Lost to follow-up 5 (14) 
 Euthanized 3 (8) 
Extracutaneous disease, n = 5† 
 Clinical cure 5 (100) 
*Total number of cats with sporotrichosis was 108. 
†Absence of skin lesions but presence of extracutaneous signs, such as 
sneezing, dyspnea, and nasal discharge and other respiratory signs. 

 

 
Table 4. Treatment regimen and duration among 50 clinically cured cats and 40 that died from sporotrichosis according to clinical form 
of disease in study of Sporothrix brasiliensis treatment failure without initial elevated itraconazole MICs in felids at border of Brazil 

Sporotrichosis treatment Duration 
No. cats 

Clinically cured Died 
Cutaneous disseminated disease, n = 56 
 No treatment applied Not applicable 0 12 
 Itraconazole + potassium iodide  1–4 wk 0 12 
 Itraconazole + potassium iodide 2–7 mo 3 16 
 Itraconazole + potassium iodide  8–12 mo 11 0 
 Itraconazole + potassium iodide 13–15 mo 2 0 
Fixed cutaneous disease, n = 29 
 Itraconazole 2–6 mo 12 0 
 Itraconazole 7–12 mo 17 0 
Extracutaneous disease, n = 5 
 Itraconazole + potassium iodide 2–6 mo 5 0 
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female cats, both of which usually involves fights 
with injuries, so reducing those interactions de-
creases chances of transmission to female cats and 
newborn kittens (33). Because most cats in this study 
were >12 months of age, public interventions (vac-
cination and neutering programs) at <12 months of 
age would likely reduce the risk for transmission of 
sporotrichosis. Such measures are crucial to control 
and prevent sporotrichosis based on a One Health 
approach, which also reinforces the need for pub-
lic health education, especially about responsible 
cat ownership. Furthermore, the lack of awareness 
about this disease among health professionals is a 
primary difficulty in identifying sporotrichosis in 
humans and animals, making searching for cases 
more difficult (12). Thus, public health education on 
responsible feline ownership and increasing disease 
awareness in health professionals are the first steps 
toward preventing sporotrichosis outbreaks and 
providing effective treatment (34).

To show the genetic relatedness among the S. 
brasiliensis isolates, we performed short tandem re-
peat analysis (35). All isolates clustered in the Rio 
de Janeiro clade and were closely related to isolates 
from the south and southeastern parts of Brazil. Curi-
tiba and other cities in the Brazil state of Paraná have 
steadily reported S. brasiliensis cases since 2011, and 
those isolates display identical or highly related geno-
types (16). The introduction of S. brasiliensis in regions 

could happen by the movement of sick or colonized 
cats (11). The isolates from this study were closely re-
lated to those from Curitiba, which, like Foz do Igua-
çu, is in Paraná state, although the 2 regions are >600 
km apart. Even though all our isolates clustered in the 
Rio de Janeiro clade (16), we identified different geno-
types, so multiple introductions cannot be excluded. 
Whole-genome sequencing is needed to elucidate the 
origin of S. brasiliensis in this region and whether all 
isolates originate from the same strain. Finally, we ob-
served different clinical manifestations and mortality 
rates, but those differences were not related to differ-
ent genetic backgrounds of isolates.

We determined MIC values for 9 different an-
tifungal drugs for S. brasiliensis isolates in both the 
pure yeast and mycelial phases and microscopically 
confirmed results. According to the interpretation 
of an international multicenter study for definition 
of tentative ECVs for mycelial S. brasiliensis (23), all 
isolates were susceptible to amphotericin B, itracon-
azole, voriconazole, posaconazole, and terbinafine 
(36). Espinel-Ingroff et al. used standard incubation 
of 2–3 days at 35°C, according to the CLSI reference 
standard M38 for filamentous fungi, whereas in our 
study, we used 30°C to avoid conversion of the mold 
form. We found that incubation at 35°C induces 
transition to the yeast phase, taking up to 2 weeks 
for full transition. Because Espinel-Ingroff et al. did 
not perform microscopy, the ECVs possibly were 
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Figure 2. Minimum-spanning 
tree of isolates in study of 
Sporothrix brasiliensis treatment 
failure without initial elevated 
itraconazole MICs in felids at 
border of Brazil. Tree comprises 
283 isolates, including 108 
isolates based on 9 short tandem 
repeat markers from this study 
(red and yellow); green, blue, 
and pink indicate comparison 
isolates from previous studies; 
and numbers in the key represent 
the number of isolates from each 
location. Gray dashed circle 
indicates Rio de Janeiro clade. 
Regions of Brazil: south, Paraná, 
Rio Grande do Sul; southeast, 
Rio de Janeiro, Minas Gerais, 
São Paulo, Espírito Santo; 
central-west, Federal District.
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established on a mixture of filamentous and yeast 
phases in that study. Moreover, many centers were 
excluded because of insufficient or unsuitable data, 
suggesting suboptimal methodology or implemen-
tation (23). Thus, additional studies are required to 
analyze the impact of yeast–mold mixtures resulting 
from short incubation at 35°C versus pure mold at 
30°C on the MICs and to establish the ECVs. None-
theless, the normal distribution of our MIC values 
indeed suggests an absence of non–wild-type iso-
lates. Of note, we found mycelial phase MICs were 
overall higher than those for the yeast phase. One 
explanation for that difference is the higher concen-
tration of melanin in the cell wall in the filamentous 
phase. Melanin is associated with a reduced suscep-
tibility to antifungal drugs. However, it is important 
to note that MICs for most of the drugs in the my-
celial phase were read at 100% inhibition compared 
with growth control, whereas at the yeast phase, 
inhibition was 50%. Therefore, direct comparisons 
of the MICs between both phases should be made  
with caution.

AFST results might not reflect in vivo treatment 
in the absence of clinical breakpoints (34). Nonethe-
less, for itraconazole, which is the first-choice drug 
for feline treatment (15,34), MICs of all isolates  

in both phases were below the tentative ECV, and 
similar results were reported earlier (17,37). In 
contrast, other studies recently found MICs of itra-
conazole and other azoles above the tentative ECV 
(19,38). Of note, the reported bimodal distribution 
with low and elevated MICs for itraconazole, and 
the identification of cyp51 mutants (19) suggests 
that those MICs would also be well above the tenta-
tive ECV in conditions of pure mycelial and yeast 
phase (23). That discrepancy with our study might 
be because we included different strains. Our col-
lection consisted of closely related genotypes only, 
and strains were isolated before start of treatment. 
Smaller MIC differences could also be explained by 
differences in AFST protocols, including the mixed 
presence of filamentous and yeast phases. Other 
factors, including panel preparation, media or re-
agents, and inoculum preparation, might influence 
AFST results. Finally, because the mycelial form 
had the least variation in our genotypically similar 
isolates, is easiest to use, and mycelial AFST data 
seemingly correspond to in vivo failure of voricon-
azole (39), the mycelial phase might be most suit-
able for AFST. A multicenter evaluation compar-
ing robust AFST methodologies in a genotypically 
variable cohort would be needed to establish the 
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Figure 3. Distribution of MICs for 108 clinical isolates in study of Sporothrix brasiliensis treatment failure without initial elevated 
itraconazole MICs in felids at border of Brazil. MICs were determined according to Clinical Laboratory and Standards Institute M38 (22) 
and M27 (24) guidelines. Red dotted lines indicate division of wild-type versus non–wild-type isolates based on ECV values proposed 
by Espinel-Ingroff (23), when available. The ECV value for voriconazole is 32 µg/mL. MICs are given in µg/mL. For AFG and MFG, the 
MEC50 (filamentous phase) was determined. AFG, anidulafungin; AMB, amphotericin B; FLU, fluconazole; ISA, isavuconazole; ITC, 
itraconazole; M, mycelial phase; MEC50, minimal effective concentration that inhibits 50% of isolates; MFG, micafungin; MIC50, MIC that 
inhibits 50% of isolates; POS, posaconazole; TRB, terbinafine; VOR, voriconazole; Y, yeast phase.
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best method to determine antifungal susceptibil-
ity for S. brasiliensis. Moreover, further research is 
needed to determine whether inoculum incubation  
at 35°C, in adherence with the M38 guideline for the 
mycelial phase, has influence on MIC outcome in 
comparison to incubation at 30°C.

We observed a high (61%) mortality rate in cats 
with the disseminated form and no sporothrichosis-
related deaths in cats with the fixed cutaneous form. 
Other studies reported unfavorable clinical outcomes 
in 32%–59% of cats with the disseminated form (40–
42). In our study, all cats with extracutaneous form 
achieved clinical cure, in contrast with previous stud-
ies, which generally considered that form to be indica-
tive of a poor prognosis and high chances of treatment 
failure and death (15,41). Of note, all isolates in our 
study were genetically similar and displayed initially 
low MICs of itraconazole, used for sporothrichosis 
treatment in all cats. The 50% MIC levels of strains 
isolated from cats with the disseminated form that 
were cured were also not different from those that 
were not cured. Thus, the mortality rate in cats with 
the disseminated form is not because of initial elevat-
ed MICs, although we cannot exclude the develop-
ment of reduced susceptibility overtime because we 
did not collect isolates after itraconazole treatment. 
The observation that transmission only involved itra-
conazole-susceptible isolates, because we did not find 
an isolate with high MIC in any cat, suggests that an 
increase in MICs was probably uncommon, if present 
at all. Moreover, some cats from the same household 
became infected months after each other, and in those 
households no elevated MICs were found, suggest-
ing no resistance was acquired within the households 
despite itraconazole exposure. However, isolates col-
lected after itraconazole exposure should be tested to 
formally exclude resistance development. Regarding 
treatment failure, other factors, such as disease pro-
gression, treatment variations, and host factors, like-
ly were involved in treatment failure in this cohort. 
Besides clinical outcomes, treatment duration was 
different between clinical forms. Cats with the fixed 
cutaneous form were treated for fewer months. Dis-
ease progression is likely to play an important role, 
but erratic itraconazole pharmacokinetics might also 
be involved. 

For feline sporotrichosis, the proposed itracon-
azole dose by the guideline for the management of 
feline sporotrichosis caused by S. brasiliensis is 100 
mg/24 hours for cats >3 kg (15). To our knowledge, 
however, a robust dose-response study evaluating the 
efficacy of that dose is lacking. When administering 
the medication, guidelines recommend opening the 

capsules over a small amount of wet food (15); how-
ever, no studies have verified the absorption degree 
of itraconazole administered that way. In dissemi-
nated cases, whether itraconazole can reach the mu-
cous membranes at an adequate level for cure also is 
unknown. Moreover, the disease in the disseminated 
form could be too advanced to treat with itraconazole. 
However, suboptimal itraconazole blood levels pro-
long treatment and increase risk for resistance devel-
opment in other diseases (43,44). Optimal dosing to 
reach effective serum itraconazole concentrations in 
severe disease would enable the best standard of care, 
but that information is not available for cats. Alterna-
tive therapeutic strategies should be investigated for 
the disseminated feline form to reduce mortality. 

In summary, our investigation of cat-transmitted 
sporotrichosis caused by S. brasiliensis at the triple 
border region of Brazil, Paraguay, and Argentina 
found that varying clinical manifestations of sporo-
trichosis and large differences in mortality rates were 
not caused by elevated itraconazole MICs. Early di-
agnosis and effective treatment for this infection are 
crucial to prevent disease progression, death, and 
transmission to other humans and animals.

This study was financed in part by the Coordenação de 
Aperfeiçoamento de Pessoal de Nível Superior–Brasil 
(CAPES)–Finance Code 001; the Canisius-Wilhelmina Hos-
pital, Nijmegen, the Netherlands (grant no. CWZ_001421); 
and fellowships from CNPq, Brasilia, Brazil (grant no. 
312811/2018-7). The work was also supported by the  
Araucaria Foundation (http://www.fappr.pr.gov.br; NAPI 
grant no. 113/2020). F.Q.-T. received a scholarship from 
CNPq (no. 312222/2021-1), Sporotrichosis One Health and 
INFOCUS LATAM–ISHAM Working Groups.

E.F.J.M. received research grants from Mundipharma and 
Scynexis, is on the scientific advisory board for Pfizer, and 
has received speaker fees from Gilead Sciences. All other 
authors declare no conflict of interest.

About the Author
Ms. do Prado is a PhD candidate in medical and veterinary 
mycology at the Federal University of Paraná, Curitiba, 
Brazil. Her research interests include clinical- 
epidemiological and diagnostic aspects of zoonotic- 
transmitted mycoses, characterization of antifungal  
resistance, and molecular mechanisms involved.  
Mr. Spruijtenburg is PhD candidate at the  
Radboudumc-CWZ Center of Expertise for Mycology, 
Nijmegen, the Netherlands. His primary research interests 
include outbreak and resistance investigation on medically 
important fungi.

1790	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 31, No. 9, September 2025



Sporothrix brasiliensis at Border of Brazil

References
  1.	 Rossow JA, Queiroz-Telles F, Caceres DH, Beer KD,  

Jackson BR, Pereira JG, et al. A One Health approach to  
combatting Sporothrix brasiliensis: narrative review of an 
emerging zoonotic fungal pathogen in South America.  
J Fungi (Basel). 2020;6:247. https://doi.org/10.3390/
jof6040247

  2.	 Rodrigues AM, Della Terra PP, Gremião ID, Pereira SA, 
Orofino-Costa R, de Camargo ZP. The threat of emerging 
and re-emerging pathogenic Sporothrix species.  
Mycopathologia. 2020;185:813–42. https://doi.org/10.1007/
s11046-020-00425-0

  3.	 Rodrigues AM, Gonçalves SS, de Carvalho JA,  
Borba-Santos LP, Rozental S, Camargo ZP. Current  
progress on epidemiology, diagnosis, and treatment of  
sporotrichosis and their future trends. J Fungi (Basel). 
2022;8:776. https://doi.org/10.3390/jof8080776

  4.	 do Prado CM, Razzolini E, Santacruz G, Ojeda L, Geraldo MR,  
Segovia N, et al. First cases of feline sporotrichosis caused by 
Sporothrix brasiliensis in Paraguay. J Fungi (Basel). 2023;9:972. 
https://doi.org/10.3390/jof9100972

  5.	 Etchecopaz A, Toscanini MA, Gisbert A, Mas J, Scarpa M, 
Iovannitti CA, et al. Sporothrix brasiliensis: a review of an 
emerging South American fungal pathogen, its related  
disease, presentation and spread in Argentina. J Fungi  
(Basel). 2021;7:170. https://doi.org/10.3390/jof7030170

  6.	 Thomson P, González C, Blank O, Ramírez V, Río CD,  
Santibáñez S, et al. Sporotrichosis outbreak due to  
Sporothrix brasiliensis in domestic cats in Magallanes, Chile: 
a One-Health-approach study. J Fungi (Basel). 2023;9:226. 
https://doi.org/10.3390/jof9020226

  7.	 Gallo S, Arias-Rodriguez C, Sánchez-Cifuentes EA,  
Santa-Vélez C, Larrañaga-Piñeres I, Gaviria-Barrera ME, 
et al. First three cases of cat-associated zoonotic cutaneous 
sporotrichosis in Colombia. Int J Dermatol. 2022;61:1276–9. 
https://doi.org/10.1111/ijd.16377

  8.	 Cognialli RCR, Cáceres DH, Bastos FAGD, Cavassin FB, 
Lustosa BPR, Vicente VA, et al. Rising incidence of  
Sporothrix brasiliensis infections, Curitiba, Brazil, 2011–2022. 
Emerg Infect Dis. 2023;29:1330–9. https://doi.org/10.3201/
eid2907.230155

  9.	 Rabello VBS, Almeida MA, Bernardes-Engemann AR, 
Almeida-Paes R, de Macedo PM, Zancopé-Oliveira RM.  
The historical burden of sporotrichosis in Brazil: a systematic 
review of cases reported from 1907 to 2020. Braz J Microbiol. 
2022;53:231–44. https://doi.org/10.1007/s42770-021-00658-1

10.	 Etchecopaz AN, Lanza N, Toscanini MA, Devoto TB,  
Pola SJ, Daneri GL, et al. Sporotrichosis caused by Sporothrix 
brasiliensis in Argentina: case report, molecular  
identification and in vitro susceptibility pattern to antifungal  
drugs. J Mycol Med. 2020;30:100908. https://doi.org/10.1016/ 
j.mycmed.2019.100908

11.	 Barnacle JR, Chow YJ, Borman AM, Wyllie S, Dominguez V, 
Russell K, et al. The first three reported cases of Sporothrix 
brasiliensis cat-transmitted sporotrichosis outside South 
America. Med Mycol Case Rep. 2022;39:14–7.  
https://doi.org/10.1016/j.mmcr.2022.12.004

12.	 Kaadan MI, 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. https://doi.org/10.1093/ofid/ofaa049

13.	 Queiroz-Telles F, Cognialli RC, Salvador GL, Moreira GA, 
Herkert PF, Hagen F. Cutaneous disseminated  
sporotrichosis in immunocompetent patient: case report 
and literature review. Med Mycol Case Rep. 2022;36:31–4. 
https://doi.org/10.1016/j.mmcr.2022.05.003

14.	 Bastos F, Farias M, Monti F, Cognialli R, Lopuch L,  
Gabriel A, et al. Spread of Sporothrix brasiliensis from the 
sneeze of infected cats: a potential novel route of  
transmission. Med Mycol. 2022;60(Supplement_1):myac07
2P462. https://doi.org/10.1093/mmy/myac072.P462 

15.	 Gremião IDF, Martins da Silva da Rocha E, Montenegro H, 
Carneiro AJB, Xavier MO, de Farias MR, et al. Guideline for 
the management of feline sporotrichosis caused by  
Sporothrix brasiliensis and literature revision. Braz J Microbiol. 
2021;52:107–24. https://doi.org/10.1007/s42770-020-00365-3

16.	 Spruijtenburg B, Bombassaro A, Meijer EFJ, Rodrigues AM, 
Grisolia ME, Vicente VA, et al. Sporothrix brasiliensis  
genotyping reveals numerous independent zoonotic  
introductions in Brazil. J Infect. 2023;86:610–3.  
https://doi.org/10.1016/j.jinf.2023.02.034

17.	 Roldán Villalobos W, Monti F, Ferreira T, Sato S, Telles F, 
Farias M. Therapeutic efficacy of isavuconazole and  
potassium iodide in a cat with refractory sporotrichosis. Vet 
Dermatol. 2023;34:624–8. https://doi.org/10.1111/vde.13188

18.	 Nakasu CCT, Waller SB, Ripoll MK, Ferreira MRA,  
Conceição FR, Gomes ADR, et al. Feline sporotrichosis: a case 
series of itraconazole-resistant Sporothrix brasiliensis infection. 
Braz J Microbiol. 2021;52:163–71. https://doi.org/10.1007/
s42770-020-00290-5

19.	 Ribeiro Dos Santos A, Gade L, Misas E, Litvintseva AP, 
Nunnally NS, Parnell LA, et al. Bimodal distribution of azole 
susceptibility in Sporothrix brasiliensis isolates in Brazil.  
Antimicrob Agents Chemother. 2024;68:e0162023.  
https://doi.org/10.1128/aac.01620-23

20.	 Ramos MLM, Almeida-Silva F, de Souza Rabello VB, Nahal J, 
Figueiredo-Carvalho MHG, Bernardes-Engemann AR, et al. 
In vitro activity of the anthelmintic drug niclosamide against 
Sporothrix spp. strains with distinct genetic and antifungal 
susceptibility backgrounds. Braz J Microbiol. 2024;55:1359–
68. https://doi.org/10.1007/s42770-024-01301-5

21.	 Waller SB, Ripoll MK, Pierobom RM, Rodrigues PRC,  
Costa PPC, Pinto FDCL, et al. Screening of alkaloids and 
withanolides isolated from Solanaceae plants for antifungal  
properties against non-wild type Sporothrix brasiliensis.  
J Mycol Med. 2024;34:101451. https://doi.org/10.1016/ 
j.mycmed.2023.101451

22.	 Clinical and Laboratory Standards Institute. Reference 
method for broth dilution antifungal susceptibility testing  
of filamentous fungi. CLSI standard M38. 3rd edition.  
Wayne (PA): The Institute; 2017.

23.	 Espinel-Ingroff A, Abreu DPB, Almeida-Paes R, Brilhante RSN,  
Chakrabarti A, Chowdhary A, et al. Multicenter,  
international study of MIC/MEC distributions for definition 
of epidemiological cutoff values for Sporothrix species  
identified by molecular methods. Antimicrob Agents 
Chemother. 2017;61:e01057–17. https://doi.org/10.1128/
AAC.01057-17

24.	 Clinical and Laboratory Standards Institute. Reference 
method for broth dilution antifungal susceptibility testing  
of yeasts. CLSI standard M27. 4th edition. Wayne (PA):  
The Institute; 2017.

25.	 Rodrigues AM, de Melo Teixeira M, de Hoog GS,  
Schubach TM, Pereira SA, Fernandes GF, et al. Phylogenetic 
analysis reveals a high prevalence of Sporothrix brasiliensis 
in feline sporotrichosis outbreaks. PLoS Negl Trop Dis. 
2013;7:e2281. https://doi.org/10.1371/journal.pntd.0002281

26.	 Silva CE, Valeriano CA, Ferraz CE, Neves RP, Oliveira MM, 
Silva JC, et al. Epidemiological features and geographical  
expansion of sporotrichosis in the state of Pernambuco, 
northeastern Brazil. Future Microbiol. 2021;16:1371–9. 
https://doi.org/10.2217/fmb-2021-0142

	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 31, No. 9, September 2025	 1791



RESEARCH

27.	 Alzuguir CLC, Pereira SA, Magalhães MAFM,  
Almeida-Paes R, Freitas DFS, Oliveira LFA, et al.  
Geo-epidemiology and socioeconomic aspects of human 
sporotrichosis in the municipality of Duque de Caxias, Rio 
de Janeiro, Brazil, between 2007 and 2016. Trans R Soc Trop 
Med Hyg. 2020;114:99–106.

28.	 IBGE–Instituto Brasileiro De Geografia E Estatística. Cidades: 
Foz do Iguaçu. Rio de Janeiro: IBGE, 2022 [cited 2024 Nov 1]. 
https://cidades.ibge.gov.br/brasil/pr/foz-do-iguacu/ 
panorama

29.	 World Population Review. Ciudad del Este, Paraguay  
population 2024 [cited 2024 Nov 1]. https://worldpopulation 
review.com/cities/paraguay/ciudad-del-este

30.	 do Prado CM, Svoboda WK, Chiyo L, Queiroz-Telles F. 
Fundamentos de Saúde Única (One Health) e Planejamento 
Estratégico Situacional para Implementação de Política 
Pública de Saúde para Prevenção e Controle da Esporotricose 
na Região da Tríplice Fronteira (Brasil, Paraguai, Argentina). 
In: Zilly A, da Silva RMM, editors. Saúde Pública Na Região 
Da Fronteira Brasil-Paraguai-Argentina. São Carlos: Pedro & 
João Editores; 2022. p. 101–18.

31.	 Pereira SA, Gremião IDF, Kitada AAB, Boechat JS, Viana PG,  
Schubach TMP. The epidemiological scenario of feline  
sporotrichosis in Rio de Janeiro, state of Rio de Janeiro,  
Brazil. Rev Soc Bras Med Trop. 2014;47:392–3.  
https://doi.org/10.1590/0037-8682-0092-2013

32.	 de Miranda LHM, Meli M, Conceição-Silva F, Novacco 
M, Menezes RC, Pereira SA, et al. Co-infection with feline 
retrovirus is related to changes in immunological parameters 
of cats with sporotrichosis. PLoS One. 2018;13:e0207644. 
https://doi.org/10.1371/journal.pone.0207644

33.	 Araújo AA, Codeço C, F S Freitas D, M de Macedo P, A 
Pereira S, D F Gremião I, et al. Mathematical model of the 
dynamics of transmission and control of sporotrichosis in 
domestic cats. PLoS One. 2023;18:e0272672. https://doi.org/ 
10.1371/journal.pone.0272672

34.	 Lloret A, Hartmann K, Pennisi MG, Ferrer L, Addie D,  
Belák S, et al. Sporotrichosis in cats: ABCD guidelines on  
prevention and management. J Feline Med Surg. 2013;15:619–
23. https://doi.org/10.1177/1098612X13489225

35.	 Fernandez NB, Spruijtenburg B, Tiraboschi IN, Meis JF,  
Lugo A, López Joffre MC, et al. Genotyping and clonal  
origin of Sporothrix brasiliensis in human sporotrichosis cases 
in Argentina. Med Mycol Case Rep. 2024;43:100633.  
https://doi.org/10.1016/j.mmcr.2024.100633

36.	 Fichman V, Almeida-Silva F, Francis Saraiva Freitas D, 
Zancopé-Oliveira RM, Gutierrez-Galhardo MC,  

Almeida-Paes R. Severe sporotrichosis caused by Sporothrix 
brasiliensis: antifungal susceptibility and clinical outcomes.  
J Fungi (Basel). 2022;9:49. https://doi.org/10.3390/jof9010049

37.	 Reis EGD, Pereira SA, Miranda LHM, Oliveira RVC, 
Quintana MSB, Viana PG, et al. A randomized clinical trial 
comparing itraconazole and a combination therapy with 
itraconazole and potassium iodide for the treatment of  
feline sporotrichosis. J Fungi (Basel). 2024;10:101.  
https://doi.org/10.3390/jof10020101

38.	 Waller SB, Dalla Lana DF, Quatrin PM, Ferreira MRA,  
Fuentefria AM, Mezzari A. Antifungal resistance on  
Sporothrix species: an overview. Braz J Microbiol. 2021;52:73–
80. https://doi.org/10.1007/s42770-020-00307-z

39.	 Fernández-Silva F, Capilla J, Mayayo E, Guarro J. Modest  
efficacy of voriconazole against murine infections by Sporothrix 
schenckii and lack of efficacy against Sporothrix brasiliensis.  
Mycoses. 2014;57:121–4. https://doi.org/10.1111/myc.12112

40.	 Lecca LO, Paiva MT, de Oliveira CSF, Morais MHF,  
de Azevedo MI, Bastos CVE, 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.  
https://doi.org/10.1016/j.prevetmed.2020.104939

41.	 Schubach TM, Schubach A, Okamoto T, Barros MB, 
Figueiredo FB, Cuzzi T, et al. Evaluation of an epidemic of 
sporotrichosis in cats: 347 cases (1998–2001). J Am Vet Med 
Assoc. 2004;224:1623–9. https://doi.org/10.2460/ 
javma.2004.224.1623

42.	 Boechat JS, Oliveira MME, Almeida-Paes R, Gremião IDF, 
Machado ACS, Oliveira RVC, et al. Feline sporotrichosis: 
associations between clinical-epidemiological profiles and 
phenotypic-genotypic characteristics of the etiological agents 
in the Rio de Janeiro epizootic area. Mem Inst Oswaldo Cruz. 
2018;113:185–96. https://doi.org/10.1590/0074-02760170407

43.	 Chen Y, Ma F, Lu T, Budha N, Jin JY, Kenny JR, et al.  
Development of a physiologically based pharmacokinetic 
model for itraconazole pharmacokinetics and drug-drug 
interaction prediction. Clin Pharmacokinet. 2016;55:735–49. 
https://doi.org/10.1007/s40262-015-0352-5

44.	 Prentice AG, Glasmacher A. Making sense of itraconazole 
pharmacokinetics. J Antimicrob Chemother. 2005;56(Suppl 
1):i17–22. https://doi.org/10.1093/jac/dki220

Address for correspondence: Flávio Queiroz-Telles, Department 
of Public Health, Hospital de Clínicas, Federal University of 
Paraná, Curitiba, Brazil; email: queiroz.telles@uol.com.br

1792	 Emerging Infectious Diseases • www.cdc.gov/eid • Vol. 31, No. 9, September 2025


