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Summary

Background—Zoonotic sporotrichosis is a neglected fungal disease, whereby outbreaks are 

primarily driven by Sporothrix brasiliensis and linked to cat-to-human transmission. To understand 

the emergence and spread of sporotrichosis in Brazil, the epicentre of the current epidemic in 

South America, we aimed to conduct whole-genome sequencing (WGS) to describe the genomic 

epidemiology.

Methods—In this genomic epidemiology study, we included Sporothrix spp isolates from 

sporotrichosis cases from Brazil, Colombia, and the USA. We conducted WGS using Illumina 

NovaSeq on isolates collected by three laboratories in Brazil from humans and cats with 
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sporotrichosis between 2013 and 2022. All isolates that were confirmed to be Sporothrix genus 

by internal transcribed spacer or beta-tubulin PCR sequencing were included in this study. We 

downloaded eight Sporothrix genome sequences from the National Center for Biotechnology 

Information (six from Brazil, two from Colombia). Three Sporothrix spp genome sequences from 

the USA were generated by the US Centers for Disease Control and Prevention as part of this 

study. We did phylogenetic analyses and correlated geographical and temporal case distribution 

with genotypic features of Sporothrix spp isolates.

Findings—72 Sporothrix spp isolates from 55 human and 17 animal sporotrichosis cases were 

included: 67 (93%) were from Brazil, two (3%) from Colombia, and three (4%) from the USA. 

Cases spanned from 1999 to 2022. Most (61 [85%]) isolates were S brasiliensis, and all were 

reported from Brazil. Ten (14%) were Sporothrix schenckii and were reported from Brazil, 

USA, and Colombia. For S schenckii isolates, two distinct clades were observed wherein isolates 

clustered by geography. For S brasiliensis isolates, five clades separated by more than 100 000 

single-nucleotide polymorphisms were observed. Among the five S brasiliensis clades, clades A 

and C contained isolates from both human and cat cases, and clade A contained isolates from 

six different states in Brazil. Compared with S brasiliensis isolates, larger genetic diversity was 

observed among S schenckii isolates from animal and human cases within a clade.

Interpretation—Our results suggest that the ongoing epidemic driven by S brasiliensis in Brazil 

represents several, independent emergence events followed by animal-to-animal and animal-to 

human transmission within and between Brazilian states. These results describe how S brasiliensis 
can emerge and spread within a country.

Funding—Coordenação de Aperfeiçoamento de Pessoal de Nível Superior, Brazil; the São Paulo 

Research Foundation; Productivity in Research fellowships by the National Council for Scientific 

and Technological Development, and Ministry of Science and Technology of Brazil.

Introduction

Sporotrichosis is a fungal disease caused by dimorphic fungi found in the environment 

of the Sporothrix schenckii species complex: S schenckii sensu stricto, Sporothrix 
brasiliensis, Sporothrix globosa, and Sporothrix luriei.1 Transmission routes vary by species; 

specifically, S schenckii and S globosa are primarily transmitted via traumatic inoculation 

of contaminated plant debris. Alternatively, S brasiliensis is primarily associated with 

animal infections and zoonotic transmission through deep scratches and bites from infected 

domestic and feral cats.2 Additionally, transmission through the sneeze of infected cats has 

been suggested in a 2022 study.3 Infection often presents as cutaneous or lymphocutaneous 

lesions, and for some cases, infection can progress to a life-threatening disseminated disease, 

which has been described in patients who are immunosuppressed due to advanced HIV, 

chronic alcoholism, and diabetes.4 Several antifungal therapy strategies are available to treat 

infections caused by Sporothrix spp; itraconazole is the first-line therapy, with terbinafine 

and potassium iodide as alternatives and amphotericin B used in cases of severe infection.5

Calculating incidence of sporotrichosis and describing the global geographical distribution 

of Sporothrix spp are difficult due to an absence of robust surveillance systems. Bongomin 

and colleagues,6 estimated worldwide incidence of sporotrichosis based on published reports 
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and reported annual incidence to be over 40 000 cases per year. Regarding geographical 

distribution of Sporothrix spp, Zhang and colleagues7 speciated clinical isolates from major 

geographical areas using CAL, TEF1, and TEF3 genes and found that 139 (99%) of 140 

isolates in Asia were S globosa, all ten isolates included from Australia were S schenckii, 
seven (88%) of eight isolates in Africa were S schenckii,7,8 and 81 (89%) of 91 isolates in 

the Americas (except for Brazil) including Colombia and USA, were S schenckii. In Brazil, 

312 (89%) of 352 isolates were S brasiliensis.

A large sporotrichosis epidemic is ongoing in Brazil (1998 to present) with human and cat 

cases reported in 25 of 26 Brazilian states.8 The dominant species is S brasiliensis. In São 

Paulo state, located in southeastern Brazil, the São Paulo Zoonosis Control Center conducted 

veterinary surveillance between 2008 and 2013 among 132 cats and identified only one 

sporotrichosis case in 2008.9 However, during 2011–13, 163 cat cases had culture-confirmed 

S brasiliensis in São Paulo and its metropolitan region.10 In Rio de Janeiro, also located 

in southeastern Brazil, sporotrichosis outbreaks began in the 1990s with an abrupt and 

continuous increase starting in 1998.11 Rio de Janeiro now reports the largest number of 

cases in Brazil: 4517 human, 4916 cat, and 244 canine cases were reported from Rio de 

Janeiro with specimen collection dates from 1991 to 2017.12 Additionally, sporotrichosis has 

been classified as a notifiable disease in Rio de Janeiro, and in 2019, 1720 annual cases were 

reported, corresponding to an annual incidence of 9·96 per 100 000 inhabitants.13

How sporotrichosis emerged and spread in Brazil is not well understood, but two major 

competing hypotheses have been proposed. One hypothesis suggests a single origin of the 

outbreak lineage that first emerged in Rio de Janeiro state and subsequently spread into other 

Brazilian states.2,14,15 The other hypothesis proposes independent emergence of genetically 

distinct S brasiliensis lineages in different Brazilian states over time, all capable of infecting 

cats and humans and contributing to the ongoing outbreak.16 This latter hypothesis was 

supported by a genomic epidemiologic study published in 2023, reporting short tandem 

repeat analysis of 173 S brasiliensis isolates and whole-genome sequencing (WGS) of 21 

representative strains.17 We aimed to conduct a genomic epidemiology study to understand 

the emergence and spread of sporotrichosis in Brazil and provide insight for future spread of 

this fungal infection.

Methods

Study design and samples

In this genomic epidemiology study, we analysed the genomes of Sporothrix spp isolates 

that were collected primarily in Brazil as well as some isolates from the USA and Colombia.

We conducted WGS on isolates from three different laboratories in Brazil: Microbiology 

Section of Grupo Fleury (São Paulo, Brazil), Parasitology and Mycology Center of Adolfo 

Lutz Institute (São Paulo, Brazil) serving as the reference laboratory for São Paulo State, 

and the Central Public Health Laboratory of Mato Grosso do Sul (Campo Grande, Brazil) 

serving as the reference laboratory for Mato Grosso do Sul State. These isolates were from 

clinical samples from human and animal patients with clinical suspicion of sporotrichosis 

received by the three reference laboratories for diagnosis purposes and were kept as part 
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of the isolate collection bank for each laboratory. All culture-confirmed Sporothrix isolates 

collected from 2013 to 2022 by the three different laboratories were sent to the US Centers 

for Disease Control and Prevention (CDC) Mycotic Diseases Branch laboratory (Atlanta, 

GA, USA). All isolates that were confirmed to be Sporothrix genus by internal transcribed 

spacer or beta-tubulin PCR sequencing at the CDC Mycotic Diseases Branch laboratory 

were included in this study.

We searched the National Center for Biotechnology Information (NCBI) Sequence Read 

Archive from database inception to Oct 13, 2022, for whole-genome sequences generated 

by Illumina, using the search term “Sporothrix”. Only six Sporothrix spp genome sequences 

from Brazil and two S schenckii genome sequences from Colombia passed our quality 

control threshold and were included in this study (appendix 2 p 6). The quality control 

threshold parameters used in this study are in the appendix 2 (p 7).

The CDC Mycotic Diseases Branch laboratory has a historical collection of S schenckii 
isolates; we randomly chose three isolates, and all three were from the USA.

This study did not qualify for ethics committee approval in Brazil as there was no use of 

experimental animals or involvement of human samples. The isolates used in this study 

came from a culture collection and do not share any sensitive human information.

Species identification and genome sequencing

Species identification was done at the CDC Mycotic Diseases Branch laboratory. DNA 

was extracted using ZR Fungal/Bacterial DNA MiniPrep kit (ZYMO Research, Irvine, 

CA, USA). The isolated DNA was measured by a nanospectrophotometer Nanodrop 

2000c (Thermo-Scientific, Waltham, MA, USA), and 10 ng DNA was used in PCR 

amplification of the nuclear ribosomal internal transcribed spacer 4 and 5 using 5′-
TCCTCCGCTTATTGATATGC and 5′-GGAAGTAAAAGTCGTAACAAGG primers and 

amplification of beta-tubulin 2 A and B using 5′-GGTAACCAAATCGGTGCTGCTTTC 

and 5′-ACCCTCAGTGTAGTGACCCTTGGC primers as described by Maubon and 

colleagues.18 For genus confirmation, all sequences obtained from PCR amplification 

regions were compared with published sequences in GenBank using the Basic Local 

Alignment Search Tool (BLAST). Next, genomic libraries were constructed using NEBNext 

Ultra DNA Library Prep kit (New England Biolabs, Ipswich, MA, USA) for Illumina and 

sequenced on Illumina NovaSeq 6000SP reagent kit (500 cycles).

Single-nucleotide polymorphism (SNP) and phylogenetic analysis

SNPs were identified using MycoSNP version 1.4 as described by Bagal and colleagues.19 

This method prepares the reference, performs quality control, and calls variants using a 

reference indexed. Analyses were conducted using S brasiliensis strain 5110 reference 

genome (NCBI taxonomy identification: 1398154).20The MycoSNP pipeline generated 

the maximum likelihood tree from the filtered SNPs calling file, using FastTree version 

2.1.11. The consensus phylogenomic tree of 1000 ultrafast bootstraps coupled with 1000 

Shimodaira–Hasegawa-like approximate likelihood ratio tests was used to assess support 

for each clade. Genetic distance calculations and neighbour-joining tree construction was 

performed by MEGA version 11, using a multi-FASTA file generated by MycoSNP 
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v1.4. The neighbour-joining tree and maps were visualised together with metadata 

containing additional epidemiological data for each sample using Microreact version 252. A 

multidimensional scaling analysis was performed. For multidimensional scaling, a patristic 

distance matrix was built from the maximum likelihood tree using the dendrophy function 

version 3.12.0 in python version 2.7.11. The values in the patristic distance matrix were 

used directly without scaling or normalisation for performing multidimensional scaling 

using cmdscale R function, R version 4.0.3. A plot was created to visualise the differences 

between samples using the qplot function in R (appendix 2 pp 2–4).

Characterisation of the mating type locus

A simplified de novo assembly was performed with SPAdes v.3.1.3, using half of the reads 

and the following parameters for each isolate: -k 127 and –only-assembler. To identify 

diverged regions between two mating type idiomorphs (MAT1-1 and MAT1-2), two sets of 

primers that target the α box region from MAT1-1 and high-mobility group domain from 

MAT1-2 loci21 were searched using nucleotide BLAST (BLASTn) against the sequences: 

MAT1-1-1 in S schenkii (GenBank accession number: XM_016732606.1) and MAT1-2-1 in 

S brasiliensis (GenBank accession number: JX101596). The PCR products (673bp product 

corresponding to MAT1-1 and 291bp product corresponding to MAT1-2) were searched 

using BLASTn against the assembled scaffolds of each isolate to identify their mating type. 

For two genome assemblies (B22144 and B22096) that showed BLASTn hits with both PCR 

products, an additional reference assembly using Burrows-Wheeler Aligner version 0.7.17 

was performed. Format conversion, sorting and index were generated with Samtools v1.15.1. 

Integrative Genomics Viewer v2.16.2 was used to visualise the binary alignment map files. 

Based on read mapped coverage, only one matting type idiomorph was confirmed in each 

isolate.

Role of the funding source

The funders had no role in study design, data collection, data analysis, data interpretation, or 

writing of the report.

Results

72 Sporothrix spp isolates from human and animal sporotrichosis cases were included in our 

study: 67 (93%) were from Brazil, two (3%) from Colombia, and three (4%) from the USA 

(table). 61 genomes (all from Brazil) were sequenced as part of this study. Characteristics 

of the human-associated Sporothrix isolates collected in Brazil are in the appendix 2 (p 

5). Specimen collection dates ranged from 1999 to 2022 (figure 1A). Of the 17 isolates 

from animal sporotrichosis cases, 16 (94%) were collected from skin lesions. We provide a 

browsable version for sporotrichosis genomic epidemiology in Brazil through Microreact to 

explore phylogeny, geographical distribution, and timelines.

Genomic analysis of the 72 Sporothrix spp isolates revealed that in Brazil, 61 (91%) of 67 

isolates were S brasiiensis, five (7%) were S schenckii, and one (1%) was S globosa. Isolates 

from Colombia (two [3%] of 72) and the USA (three [4%] of 72) were all S schenckii 
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(figure 1B; table). S schenckii and S brasiliensis isolates were more than 1·5 million SNPs 

different from S globosa and nearly 400 000 SNPs different from each other (figure 1 B).

Among S schenckii isolates, large genetic diversity was observed (maximum pairwise SNP 

difference: 594 599 SNPs) with two distinct clades separated by 443 443 SNPs. One clade 

(referred to as S schenckii clade A) comprised three isolates (two human isolates and one 

animal isolate) in the USA with a maximum pairwise SNP difference of 64 542 SNPs. 

The second clade (referred to as S schenckii clade B) comprised a subclade of five isolates 

(five human isolates and two animal isolates) in Brazil (São Paulo and Distrito Federal) and 

another subclade of two human isolates from Colombia. These subclades were separated by 

67 169 SNPs (figure 1B; appendix 2 p 10). Mating type was assessed and four of ten S 
schenckii isolates were MAT1-2, and six were MAT1-1 (appendix 2 p 10).

Of the 61 S brasiliensis isolates from Brazil, most were from the southeastern states: 22 

(36%) were from São Paulo and four (7%) were from Rio de Janeiro. The remaining isolates 

were from the midwestern regions, Mato Grosso do Sul, Corumbá city (nine [15%]) and 

Distrito Federal, Brasília city (two [3%]); and the northeast states Rio Grande do Norte 

(three [5%]), Pernambuco (one [2%]), and Bahia (one [2%]). The state of collection for 19 

(31%) isolates was unknown (table). The phylogenetic tree and multidimensional scaling 

analysis revealed five distinct clades (referred to as S brasiliensis clades A–E) separated 

by a minimum 115 937 and a maximum of 309 321 SNPs (figure 2A, B). Each clade was 

supported with bootstrap values of 100%.

S brasiliensis clade A consisted of 39 (64%) of the 61 isolates from Brazil with a maximum 

pairwise SNP difference of 247 SNPs (figure 3A). Of these, 28 (72%) isolates were from 

human cases, and 11 (28%) were from cat cases. Isolates from six cat cases collected from 

2021 to 2022 in the city of Ilhabela, São Paulo state, were highly genetically related to 

each other (maximum pairwise SNP difference of 21 SNPs) as well as to the isolates from 

human cases collected between 2013 and 2021 in São Paulo and Rio de Janeiro states 

(maximum pairwise SNP difference between human and cat isolates in this subcluster was 

58 SNPs; figure 2C, D; figure 3A). Isolates from the remaining five cat cases had unknown 

origins and did not cluster with those from other cat cases (figure 3A). Eight of nine isolates 

from human cases from Corumbá city in Mato Grosso do Sul state, clustered together at 

maximum pairwise SNP difference of 98 SNPs. To note, the oldest S brasiliensis isolate 

included in this analysis (SRR12483729) was collected from a human case in 1999 in the 

Rio de Janeiro state and clustered with clade A at a maximum pairwise SNP difference of 

149 SNPs from other humans and cat isolates from the five Brazilian states that comprised 

this clade (figure 3A).

S brasiliensis clade B comprised two subclades separated by 1155 SNPs (figure 3B). One 

subclade comprised three isolates from human cases collected in 2021 in Rio Grande do 

Norte state with maximum pairwise SNP difference of 124 SNPs (figure 2C, D; figure 3B). 

The second subclade comprised two isolates from human cases collected in 2021 from São 

Paulo state and unknown geographical origin, with a SNP difference of 268 SNPs (figure 

2C, D; figure 3B). S brasiliensis clade C also comprised two subclades separated by 68 

566 SNPs (figure 3C). One subclade comprised six isolates (one from cat and five from 
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human cases) with a maximum pairwise SNP difference of 68 SNPs. For those with known 

geographical origin, all were reported from São Paulo state from 2019 to 2021 (figure 2C, 

D; figure 3C). The second subclade comprised eight isolates from human cases with a 

maximum pairwise SNP difference of 164 SNPs. Geographical origin was known for five of 

the cases; all were reported from São Paulo state from 2015 to 2021 (figure 2C, D; figure 

3C). S brasiliensis clade D and clade E were the most genetically distant clades, separated 

by at least 55 864–234 021 SNPs from clades A, B, and C (figure 2A). Clade D comprised 

two isolates from a cat case (collected 2016) and a dog case (collected 2018) in Distrito 

Federal state, separated by 66 213 SNPs (figure 2C, D; figure 3C). Clade E comprised one 

isolate from a human case collected in 2017 with unknown state of origin (figure 2).

Mating type was assessed and 46 (75%) of the 61 S brasiliensis isolates were MAT1-2, 15 

(25%) were MAT1-1. As shown in appendix 2 (p 10), isolates from clade A were MAT1-2, 

and all isolates from clades B and E were MAT-1-1. Isolates from clades C and D had both 

MAT1-1 and MAT1-2, clustering by subclade (appendix 2 p 10).

Discussion

In this study, WGS of 72 Sporothrix spp isolates was used to describe the genomic 

epidemiology of sporotrichosis in Brazil. Our results support previous work showing S 
brasilienisis as the primary driver of the ongoing epidemic. Additionally, our study provides 

evidence for the independent emergence of several genetically distinct S brasiliensis lineages 

and clonality among animal and human isolates within some clades, indicative of animal-to-

animal and animal-to-human transmission.

Historically, Rio de Janeiro state is considered the centre of origin of S brasiliensis in 

Brazil, where zoonotic transmission has been reported since the late 1990s.11 Molecular 

studies from the past 10 years using more traditional genotyping methods like amplified 

fragment length polymorphism, simple sequence repeats, and short tandem repeats, as well 

as advanced technologies like WGS suggest that S brasiliensis emerged independently in at 

least seven different regions of Brazil: Rio de Janeiro, Ceará, Distrito Federal, Rio Grande 

do Sul, Minas Gerais, Paraná, and São Paulo state.14-17 Our results using, to our knowledge, 

the largest sample of S brasiliensis WGS to date corroborate these previous findings. 

Overall, the analysis of S brasiliensis isolates recovered from seven different Brazilian states 

from 1999 to 2022 revealed several genetically different clades that emerged independently 

in at least three Brazilian states (Rio de Janeiro, Sao Paulo, and Distrito Federal).

Our analysis identified five distinct genetic clades, separated by over 100 000 SNPs, 

(S brasiliensis clades A–E). Large genetic distance between clades suggests independent 

emergence of these lineages. In contrast, the extremely low genetic diversity among human 

and cat isolates within clade A and a subclade of clade C indicate the ongoing cat-to-cat and 

cat-to-human transmission, further supporting an active epidemic. Clade A contained 64% 

of all S brasiliensis isolates from Brazil in the study and was found in five different states. 

Clade B consisted of two subclades, one of which included three clonal isolates from the 

northeastern part of Brazil, and the other clade included an isolate of unknown origin and 

an isolate from São Paulo. Clade C consisted of two subclades with different mating types 
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separated by 68 566 SNPs, all of which were from São Paulo. We found very few isolates 

comprising clade D and clade E; this finding might indicate that isolates in these clades do 

not contribute substantially to the ongoing epidemic, or that they were not well captured in 

our convenience sample.

The presence of genetically related isolates in different geographical areas suggests 

movement of strains across state lines, probably caused by the movement of infected 

animals causing new outbreaks. For example, in this study, all samples from Mato Grosso 

do Sul state, specifically samples from the 2019–20 sporotrichosis outbreak in Corumbá city, 

clustered together with isolates from Rio de Janeiro state (clade A). Interestingly, Corumbá 

has a long history of high mobility of citizens from Rio de Janeiro, and vice versa, due to 

the frequent stationing of military personnel, particularly from the Navy. Additionally, the 

cultural similarities between Corumbá and Rio de Janeiro city are consistent with travel of 

citizens from the two cities. Considering this epidemiological aspect, an introduction from 

Rio de Janeiro to Mato Grosso do Sul state might have occurred.

In our study, we observed 1:3 distribution of mating types in S brasiliensis with 75% of 

isolates carrying MAT1-2 allele, which agrees with previous studies.21 Mating type was 

associated with clades except for clades C and D, in which two genetically distinct subclades 

were associated with different mating types. Isolates with different mating types were found 

within the same broader geographical areas suggesting a possibility of mating; although, 

we did not observe any evidence of recombination on the phylogenetic tree. Overall, low 

genetic diversity among isolates and the presence of a single mating type within some clades 

strongly supports clonal propagation within clades, which has been proposed previously.15,22

Notably, the observed S brasiliensis population was similar to that described in another 

emerging pathogenic fungus, Candida auris, in which four genetically distinct clades were 

shown to emerge simultaneously in different geographical areas.23 The timings of both S 
brasiliensis and C auris emergences are also similar and date back to the 1990s. It has been 

suggested that increasing temperatures have the potential to select for environmental fungi 

adapted for growth at temperatures approaching that of the human body.24 As proposed 

by Casadevall and colleagues25 for C auris, zoonotic sporotrichosis might be another 

example of new fungal diseases emerging following climate and environmental changes. 

More research is needed to understand the underlying environmental and epidemiologic 

reasons for emergence of these pathogens.

The reasons why S brasiliensis is geographically restricted to South America are unknown, 

but one possible explanation might be that this fungus has a unique ecological niche that 

is restricted to this region. Little is known about S brasiliensis natural life cycle; however, 

the presence of a specialised infectious yeast form suggests an evolutionary adaptation 

to infection and points to the presence of a natural host species. For example, a small 

mammal that is endemic to Brazil, widespread in the urban environment, and encountered 

by cats to acquire infection fits this description; however, more research is needed to better 

understand the natural reservoirs of this pathogen. Additionally, Argentina, Paraguay, Chile, 

and Uruguay26-28 have also reported cases of S brasiliensis in cats. In Paraguay, two cases 

of probable S brasiliensis were reported to be transmitted by infected cats brought from 
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Brazil by their owners in 2017.29 Additionally, S brasiliensis infections linked to a cat 

brought from Brazil was identified in the UK in 2021; however, no widespread transmission 

was detected.30 Whether the S brasiliensis cases in Argentina, Chile, and Uruguay are 

independent emergences or introductions from Brazil remain to be seen. Establishing 

sanitary barriers to contain the migration of infected cats is a fundamental measure for 

controlling the expansion of S brasiliensis.

Although most isolates in our study were S brasiliensis, four S schenckii isolates and one 

S globosa isolate were also identified among cases in Brazil, which allowed only limited 

comparative analyses between species. However, we found two genetically distinct clades in 

S schenkii, one of which was found in South America and another in the USA. All isolates 

within these clades were genetically distinct and no evidence of clonality was identified; 

nevertheless, a larger sample of S schenckii isolates is needed to better understand the 

genomic epidemiology of this species.

Although infections with S schenkii have been reported in Brazil and other countries, both 

cat and human cases of S schenkii remain rare. It is not clear why S brasiliensis is more 

likely to cause infection compared with the other two species. One possible explanation 

might be the presence of unique genetic features that enable S brasiliensis to readily infect 

cats and produce large quantities of infectious yeasts or conidia that drive transmission. 

Current evidence suggest that zoonotic transmission is more common in S brasiliensis 
compared with other Sporothrix species: yeasts are directly inoculated into the host by bites 

or deep scratching providing a highly effective route of transmission.31 However, a different 

explanation is also possible: S brasiliensis might be more widespread in the environment 

compared with S schenkii and S globosa and therefore, more likely to be acquired by feral 

cats, which are common in Brazilian cities and are probably the main driver of transmission. 

The observed independent emergence of several genetic clades is consistent with this second 

hypothesis; however, both hypotheses are not mutually exclusive. Overall, the species of S 
brasiliensis and S schenkii are closely genetically related and both are capable of infecting 

cats and humans. More studies are needed to investigate the reasons for emergence of S 
brasiliensis to control the ongoing epidemic and help control future emergences.

Our study has the following limitations: (1) the number of isolates from different states and 

counties were relatively small, and collected at different times and constituted a convenience 

sample, which might not accurately reflect the population of S brasiliensis in Brazil, (2) 

isolates from other South American countries were not publicly available, (3) demographic 

(eg, age and sex) and clinical outcome data were missing for many human and animal cases, 

and (4) the state or country of each human and animal case might not represent the exposure 

location or the original environmental source of Sporothrix spp. Many of these limitations 

highlight the need for more robust, systematic laboratory surveillance for S brasiliensis in 

Brazil. In the future, a more systematic and representative population genomic study of 

Sporothrix species will be informative for better understanding the emergence of these fungi 

in South America and beyond.
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Overall, our results increase our knowledge of how S brasiliensis can emerge and spread 

within a country. The identification of transmission between states in Brazil might help 

guide future public health interventions to control the spread of zoonotic sporotrichosis.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Research in context

Evidence before this study

We searched PubMed, from database inception to July 31, 2023, for published 

studies assessing the genomic epidemiology of sporotrichosis in Brazil. The search 

terms used were Sporothrix brasiliensis AND (genomic epidemiology) OR (molecular 

epidemiology). No language restrictions were applied to this search. The search returned 

33 results, with two studies of Sporothrix isolates from Brazil that used whole-genome 

sequencing (WGS). The first study (Eudes Filho and colleagues) was published in 2020 

and included seven S brasiliensis isolates from two Brazilian states (Distrito Federal and 

Rio de Janeiro). The second study (Spruijtenburg and colleagues) was published in 2023 

and included 21 S brasiliensis isolates from six Brazilian states (Distrito Federal, Minas 

Gerais, Paraná, Rio de Janeiro, Rio Grande do Sul, and São Paulo) and 173 S brasiliensis 
isolates analysed by short tandem repeat analysis. Spruijtenburg and colleagues suggested 

that there were numerous independent introductions of S brasiliensis, with one clade 

accompanied by large clonal spread in the cities of Rio de Janeiro (Rio de Janeiro state) 

and Curitiba (Parana state), Brazil.

Added value of this study

In this study, we performed WGS on 67 Sporothrix spp isolates from Brazil and used 

genomic epidemiology to show multiple, independent emergences of genetically distinct 

lineages of S brasiliensis. We also compared the genetic variability within species of 

S brasiliensis and Sporothrix schenckii isolates from human and animal cases and 

showed that, in contrast to S schenckii, S brasiliensis showed clonality among isolates 

from different geographical areas and within some clades. This data highlights two 

important points: (1) it confirms the ongoing cat-to-cat and cat-to-human S brasiliensis 
transmission, and (2) it supports multiple independent introductions between states 

and cities. Additionally, this is the first published study reporting the 2019 to present 

sporotrichosis outbreak in Corumbá city in Mato Grosso do Sul state, Brazil.

Implications of all the available evidence

Our results indicate that the cat-to-cat and cat-to-human transmission is not restricted 

to a single genetic lineage and was acquired independently by several lineages. The 

data describing the independent emergence of five S brasiliensis strains raise concerns 

that new strains of S brasiliensis might continue to emerge and spread to different 

geographical areas.
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Figure 1: Genomic diversity among isolates and geographical distribution of three clinically 
relevant Sporothrix species: Sporothrix schenckii, Sporothrix brasiliensis, and Sporothrix globosa
(A) Temporal distribution of Sporothrix spp isolates recovery from human and animal 

sporotrichosis cases by country. (B) Neighbour-joining phylogenetic tree of isolates 

from Brazil, Colombia, and the USA. Branch colours indicate species, and branch 

lengths represent single-nucleotide polymorphisms, whereby pairwise single-nucleotide 

polymorphism differences between the major clades are shown. (C) The geographical origin 

of isolates by species.
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Figure 2: Genomic, temporal, and geographical distribution of five Sporothrix brasiliensis clades
(A) Neighbour-joining phylogenetic tree of the S brasiliensis isolates showing the single-

nucleotide polymorphism distance between clades. (B) Multidimensional scaling analysis 

of the genetic differences between S brasiliensis isolates. The circles represent multiple 

isolates clustering together. Among different clusters, bootstrap values were 100%. The 

percentage of dissimilarity explained by dimension one is 41·7% and by dimension two 

is 31·4%. (C) Temporal distribution of S brasiliensis clades isolates by year. (D) The 

geographical distribution of the clades in the different Brazilian states. The size of the circles 

is proportional to the number of cases or isolates. The colours correspond to different clades. 

Clade E is not represented in the map due to unknown isolate state of origin. An interactive 

map of the geographical distribution of the clades in the different Brazilian states is also 

available.
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Figure 3: Phylogenetic characterisation of the five Sporothrix brasiliensis clades
Neighbour-joining phylogenetic tree of the S brasiliensis clade A (A), S brasiliensis clade B 

(B), S brasiliensis clade C (C), and S brasiliensis clade D (D). Branch lengths represent the 

single-nucleotide polymorphism distance between isolates and leaf colours correspond to the 

different Brazilian states where the S brasiliesis isolate was collected. The shapes represent 

the S brasiliensis host (human, cat, or canine case), with the square representing the S 
brasiliensis strain 5110 reference genome (National Center for Biotechnology Information 

taxonomy identification number 1398154).20 Clade E is not represented in the figure 

because it was composed of one sample (identification number B22068) with unknown 

state of origin.
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Table:

Characteristics of Sporothrix isolates

Sporothrix
brasiliensis
(n=6l)

Sporothrix
schenckii
(n=10)

Sporothrix
spp*
(n=72)

Country of collection

Brazil 61 (100%) 5 (50%) 67 (93%)

 São Paulo 22 (36%) 2 (20%) 24 (33%)

 Mato Grosso do Sul 9 (15%) 0 9 (12%)

 Rio de Janeiro 4 (7%) 0 4 (6%)

 Rio Grande do Norte 3 (5%) 0 3 (4%)

 Brasília 2 (3%) 1 (10%) 3 (4%)

 Bahia 1 (2%) 0 1 (1%)

 Pernambuco 1 (2%) 0 1 (1%)

 Unknown 19 (31%) 2 (20%) 22 (31%)

USA 0 3 (30%) 3 (4%)

Colombia 0 2 (20%) 2 (3%)

Human cases

Total 47 (77%) 7 (70%) 55 (76%)

With sex reported 31 (51%) 1 (10%) 32 (44%)

 Female 17 (28%) 0 17 (24%)

 Male 14 (23%) 1 (10%) 15 (21%)

Age, years 44 (36–53) Unknown 44 (36–53)

Animal cases

Total 14 (23%) 3 (30%) 17 (24%)

 Cats 13 (21%) 3 (30%) 16 (22%)

 Dogs 1 (2%) 0 1 (1%)

Data are n (%) or median (IQR). *Includes Sporothrix brasiliensis (n=61), Sporothrix schenckii (n=10), and Sporothrix globosa (n=1) isolates.
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