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Abstract

Sporothrix schenckii is a thermodimorphic fungus and one of the main etiological agents of
sporotrichosis, a globally distributed subcutaneous mycosis that primarily affects the skin,
subcutaneous tissue, and lymphatic system. Historically regarded as the classical species within the
Sporothrix pathogenic clade, S. schenckii remains a clinically relevant pathogen and an important
biological model for studying fungal dimorphism, virulence, and host—pathogen interactions. Major
virulence factors include melanin production, thermotolerance, hydrolytic enzymes, and adhesins,
all of which contribute to its survival and dissemination within the host. Clinically, S. schenckii causes
a broad spectrum of manifestations ranging from fixed and lymphocutaneous cutaneous forms to
disseminated and extracutaneous infections, particularly in immunocompromised individuals. This
species exhibits a cosmopolitan distribution with endemic foci in the Americas, Asia, and Africa, and
can be transmitted through both sapronotic and zoonotic routes. Diagnosis relies on fungal isolation,
molecular identification, and histopathological examination, whereas treatment mainly involves
itraconazole, potassium iodide, and amphotericin B for severe cases. This review integrates current
knowledge on the biology, virulence, immune response, epidemiology, and treatment of S. schenckii,
providing an updated overview of its significance as a medically important fungal pathogen with
global relevance.

Keywords: antifungal therapy; epidemiology; fungal cell wall; host—pathogen interaction;
sporotrichosis; virulence factors

1. Introduction

Sporotrichosis is known to be a chronic fungal infection in humans and other mammals, which
mainly affects the skin, subcutaneous tissue, and, rarely, internal organs [1,2]. The causative agents
of this infection are members of the Sporothrix clinical clade, which includes Sporothrix schenckii,
Sporothrix brasiliensis, Sporothrix luriei, and Sporothrix globosa [3]. These species have different
distribution patterns. In the case of S. brasiliensis, it is restricted to Brazil and other South American
countries, while S. schenckii and S. globosa have a worldwide distribution. However, reported cases
are concentrated in a greater proportion in America and Asia, respectively [4-7].

Although sporotrichosis is an infection that was described more than a century ago, it is still a
neglected infection; the case report is not currently mandatory to report to any National Ministry of
Health, except in some Brazilian states [8,9]. Given this, current knowledge of this disease and its
various causative agents remains limited compared to other types of mycosis, such as candidiasis,
aspergillosis, and cryptococcosis [10].
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The increment of cases of human and feline sporotrichosis in recent years, along with the limited
information in terms of diagnosis and treatment, has awakened a growing interest from the scientific
community to study this infection and its etiological agents [11,12]. Within the pathogenic clade, S.
schenckii is the most studied species and the one on which most of the available knowledge is
concentrated, due to the number of cases documented over time [12]. S. schenckii is a
thermodimorphic fungus that has historically been considered the main etiological agent of
sporotrichosis [13]. Under environmental conditions, it grows as a conidium-producing mycelium,
while at 37 °C, within the host tissues, it adopts a yeast-like morphology, a key characteristic in its
pathogenicity [14,15]. This species has been isolated from various organic substrates, such as soil,
decaying vegetation, and plant thorns, linking it to the classic transmission by traumatic inoculation,
although zoonotic forms of transmission, via direct contact with open injuries in infected cats, have
also been described, especially in endemic regions [16].

In addjition to its thermal adaptability, S. schenckii possesses various virulence factors, including
hydrolytic enzymes, melanin, adhesins, and cell wall components that contribute to its ability to
evade the host’s immune response [17,18]. These characteristics have positioned S. schenckii as a
valuable model for studying the biology, virulence, and host-pathogen interaction mechanisms of
Sporothrix species.

Therefore, this review provides an integrated overview of the current knowledge on S. schenckii,
focusing on its biology, cell wall composition, virulence factors, and the complex interplay with the
host immune system.

2. Biological Aspects

General Aspects

Sporothrix schenckii is one of the main causative agents of human sporotrichosis, a subcutaneous
mycosis with the first reported case in 1898 by Benjamin R. Schenck [13,19]. S. schenckii belongs to the
Ascomycota division, class Pyrenomycetes, order Ophiostomatales, family Ophiostomataceae [13]. It
was thought that S. schenckii was the sole etiological agent of sporotrichosis; however, taxonomic
studies in the early years of this century defined other Sporothrix species of clinical relevance: S.
brasiliensis, S. globosa, Sporothrix mexicana, and S. luriei [14,20]. These species were grouped as the
Sporothrix schenckii complex [21].

S. schenckii is a thermodimorphic fungus, found in soils, plant organic matter, and decomposing
organic matter in nature [1]. It has been reported that acquisition of the infection by this pathogen is
mainly by traumatic inoculation in outside activities [1] and zoonotic transmission by biting or
scratching of infected animals [22].

S. schenckii is globally distributed, has been isolated from most of the American countries,
including Argentina, Bolivia, Brazil, Colombia, Guatemala, Mexico, Peru, Venezuela, and the United
States. In the European continent has been isolated from France, Italy, and the United Kingdom.
Finally, in the African and Asian continents, it has been isolated from South Africa, Madagascar,
India, China, Thailand, and Japan [4,23,24].

Morphology

S. schenckii has a mycelial saprophytic phase with characteristics of slender, hyaline, septate, and
branched hyphae that contain conidiophores. These structures form grouped conidia of 2 to 4 um
each, denominated denticles, forming a typical morphology that seems like a flower bouquet [1]. In
addition, conidia of this species are known for having a dark cell wall, helping to discriminate S.
schenckii from other nonpathogenic species [21] (Figure 1A and 1B).
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Figure 1. Morphologies of Sporothrix schenckii under different culture conditions. A, yeast-like form observed
under light microscopy after incubation at 37 °C, showing oval and budding cells. B, mycelial form observed
under light microscopy after growth at 25 °C, displaying septate hyphae and conidial structures. C-E,
macroscopic colony morphology on solid medium at 25 °C. C, 10x view showing cottony texture. D, 40x view of

a radial colony with a pinkish center. E, 40x view of a circular colony with homogeneous pigmentation.

On the other hand, S. schenckii may undergo dimorphism to yeast-like cells, with spindle-shaped
or oval cells of 2.5 to 5 um in diameter, resembling a cigarette [1].

At the macroscopy level, mycelial form can be observed as filamentous colonies, with a white
cream color that can turn to brown black after a few days, with an appearance smooth and rough
appearance in potato dextrose agar and malt extract. Colonies containing yeast-like cells can be
observed as creamy and smooth colonies in Saboraud dextrose agar (Figure 1C, 1D, and 1E) [21].

Temperatures of 25 °C and 37 °C for mycelium and yeast-like cells, respectively, are the best to
obtain these structures in vitro; however, factors like pH, COz, and the carbon source can affect the
growth [25]. Besides, at the molecular level, there are other aspects to consider in the control of
dimorphism, such as calcium/calmodulin-dependent protein kinases or a pathway that involves the
interaction of a cytosolic phospholipase with a G protein [26,27].

Cell Wall

As in other fungi, the cell wall is a relevant component for S. schenckii, as it provides structural
integrity and represents the first line of contact with the host. In addition, it works as a molecular
scaffold to display various antigenic determinants and virulence factors [28]. In this dimorphic
fungus, the cell wall not only plays a protective role but also participates actively in adhesion to host
tissues, immune evasion, and modulation of the inflammatory response. Furthermore, its
composition varies between the mycelial and yeast phases, reflecting metabolic and structural
adaptations to environmental conditions or the host’s internal environment [28].

The latest proposed model for the S. schenckii cell wall places in the outermost layer a
glycoconjugate called peptidorhamnomannan (PRM), which is composed of several proteins
modified with rhamnose- and mannose-containing O- and N-linked glycans [28-30]. The innermost
layer contains chitin, (3-1,3-glucan, and {3-1,6-glucan, which provide rigidity and structural support,
while alpha glycogen particles are observed around the plasma membrane, which probably function
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as energy reservoirs to sustain the synthesis of wall polysaccharides (Figure 2) [34]. Silencing of genes
involved in glycosylation pathways, such as OCHI, ROT2, MNT1, and PMT?2, has revealed notable
alterations in wall organization and composition, as well as a reduction in fungal virulence,
confirming the relevance of the integrity of this structure for the fungus’s infectious success [31-33].
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Figure 2. Schematic representation of the S. schenckii yeast cell wall composition. This schematic illustrates the
multilayered organization of the S. schenckii cell wall. The inner layer, located adjacent to the plasma membrane,
is mainly composed of structural polysaccharides, such as (3-1,3-glucans, 3-1,6-glucans, and chitin, which
provide mechanical strength and maintain cellular integrity. In contrast, the outer layer contains numerous cell
wall proteins, many of which are glycosylated with N- and O-linked glycans and enriched in mannose residues.
A distinctive component of the outermost surface is the peptidorhamnomannan, a complex of glycoproteins rich

in rhamnose- and mannose-containing oligosaccharides that is characteristic of Sporothrix species.

The PRM is composed of more than 300 proteins, some of them likely to be moonlighting
peptides [29]. Among the characterized proteins are Papl and Hsp60, which have adhesin properties
to extracellular matrix (ECM) components [29]. Another relevant cell all protein is Gp70, a
glycoprotein with heterogeneous glycosylation patterns, highly antigenic, and also involved in ECM
adhesion [34-37]. These surface proteins not only mediate interaction with the host but can also
modulate immune recognition and participate in resistance to cellular defense mechanisms [29,34].

Several studies have shown that environmental and cultivation conditions significantly
influence the composition of the cell wall of S. schenckii. Cells grown in YP and YNB media showed
a significant reduction in the rhamnose and mannose content, with a compensatory increment in the
glucan concentration, suggesting that a change in the media can affect the synthesis of
oligosaccharides and polysaccharides [38]. In addition, cells showed a 50% reduction in the ability to
bind Alcian blue, suggesting defects in the synthesis of both N-linked and O-linked glycans [38].
These experiments also showed the relevance of cell wall rthamnose-containing glycans for fungal
virulence, as cells with low cell wall rhamnose content showed virulence attenuation [38]. This
observation was later confirmed by analyzing the cell wall of different S. schenckii strains, and those
with naturally low rhamnose levels at the cell wall displayed low virulence, when compared with
the high cell wall rhamnose-content strains [39].

In addition to nutritional conditions, fungal morphology significantly influences cell wall
architecture [40,41]. In the mycelial phase, $-glucans and chitin predominate, while in the yeast
phase, the proportion of glycoproteins and PRM increases, which is associated with greater adhesion
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capacity and immune response evasion [39]. During the temperature-induced morphological
transition, S. schenckii remodels its cell wall through the coordinated action of glycosyltransferases,
chitinases, and glucanases, modifying the exposure of PAMPs and adapting its surface to the parasitic
phase. This dynamic process of structural reorganization is a key factor in the thermal virulence and
survival of the fungus in the host [39].

Genome

In 2014, S. schenckii and S. brasiliensis were compared by genomic sequence assemblies and
annotations, and the results concluded that both species have a genome identity of 97.5% [42].
Analysis showed that the S. schenckii genome is 32.4 megabases (Mb) in size, yielding 16 scaffolds
with N50 of 4.3 Mb and 327 contigs [42]. The same study reported 10, 293 protein-coding genes and
a G + C content of 62% [42]. These data contrast with the protein-coding genes identified within the
S. brasiliensis genome, which was significantly smaller (9091 genes) [42]. The mitochondrial genome
assembly is about 26.5 Kb with a similarity of 99% with S. brasiliensis [42]. Transposable elements
(TEs) are present in a proportion of 0.34% in the genome of S. schenckii, while in S. brasiliensis, a
proportion of 0.62%, with two major groups, LINEs and LTRs, and de absence of SINE elements was
documented [42]. The proportion of TEs in comparison with other fungi is lower, even with its closely
related species, Paracoccidioides brasiliensis (TEs of 8-9% of its genome) and similar to others that are
not so closely related, such as Trichoderma and Fusarium graminearum [42]. Even though the intron
frequency is similar for both S. sncheckii and S. brasiliensis, in the latter, the intron length is
significantly higher (123.4 bd vs. 91.2) [42]. Finally, the analysis of plody in S. schenckii indicated that
this organism is haploid [43].

3. Virulence Factors

In S. schenckii, as in other medically important pathogenic fungi, various virulence factors have
been described, which contribute to the establishment and progression of infection [18]. These
elements are essential during interaction with the host, and their absence can lead to a significant
decrease in virulence [44]. Among the most relevant factors reported in S. schenckii are adhesins,
proteins involved in interaction with ECM components, the ability to form biofilms, the production
of hydrolytic enzymes that facilitate tissue invasion, dimorphism and thermotolerance, as adaptation
mechanisms, as well as immune evasion strategies, melanin synthesis, and the participation of
proteins associated with cell wall structure and remodeling [44]. Knowledge about these factors in S.
schenckii is still incomplete; however, their identification is essential for understanding the
mechanisms underlying fungal pathogenicity. To this end, a BLASTp analysis
(https://blast.ncbi.nlm.nih.gov/Blast.cgi, accessed August 2025) was performed using Candida
albicans, Aspergillus fumigatus, and Cryptococcus neoformans as reference organisms to predict putative
genes in S. schenckii associated with virulence factors (Table 1).

Table 1. Prediction of some important virulence factors and determinants in Sporothrix schenckii.

Virulence . . S. schenckii E- Similarity
Organism Protein
factors (Locus tag) | value* (%)*
Als1-9 No found - -
Eapl No found - -
Candida Ecm33 SPSK_05317 | 6e 73
Adhesins )
albicans Hwpl No found - -
1ff4 No found - -
Int1 SPSK_07346 | 8e? 50

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Mp65 SPSK_05120 | 1less 74
RodA
No found - -
RodB
AspF2 No found - -
CalA SPSK_05470 | 2e% 71
Aspergillus Sewll SPSK_04001 | 3e” 69
fumigatus
Gell SPSK_05276 0 70
Gel2 SPSK_04169 | 2e1%® 99
Mpl No found - -
AfCalAp No found - -
Cfl1 No found - -
Cryptococcus
Cpl1 No found - -
neoformans
Mp98 SPSK_03393 | 2e 44
Berl SPSK_01505 | 2e2 76
Brgl SPSK_05129 | 1le'd 78
Efgl SPSK_07078 | 1le®” 65
C. albicans Hsp90 SPSK_08698 0 85
Ndt80 SPSK_09140 | 3e® 37
Biofilm
Rob1 SPSK_03010 | 7e®s 54
Csrl SPSK_08605 | 1e% 57
Lacl SPSK_03091 | 3e 60
C. neoformans Urel SPSK_00695 0 99
Cap59 SPSK_09241 | 5e> 50
Lip5-8 SPSK_03375 | 1e® 86
- -52
C. albicans Sap1-8 SPSK_06273 | 2e 53
4e-l45
Plb1-3 SPSK_01063 57
Hydrolytic Pepl SPSK_02149 | 0 60
enzymes
Pep2 SPSK_00526 0 85
A. fumigatus Apl SPSK_07865 | 8e% 97
CtsD SPSK_01559 | 6e®? 58
PlaA SPSK_02253 | 2e-1% 50
SPSK_07311
Cphl 3e72 78
Dimorphism C. albicans
SPSK_05321
Hgcl 4e21 42
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SPSK_00519
Nrgl le10 55
1e-139
Tupl SPSK_02314 67
SPSK_01925 | 9e-
Mob2 57
le-178
Cbk1 SPSK_06025 68
C. neoformans
4129
Tao3 SPSK_02910 44
Qe-113
Sog?2 SPSK_03988 51
Hsp60 SPSK_01586 0 87
Hsp104 SPSK_08586 0 65
C. albicans
Ssal SPSK_08625 0 88
Ssbl SPSK_03121 0 87
CrgA SPSK_09995 | 6e# 79
Sch9 SPSK_10850 0 71
Hsfl SPSK_08498 | 7e® 48
Thermotolerance BiP/Kar2 SPSK_04019 | 0 87
A. fumigatus Ssc70 SPSK_03148 88
Hsp88 SPSK_00430 0 75
BiP SPSK_06078 0 69
Lhs1/Orp150 SPSK_02198 0 61
Hsp90 SPSK_08698 0 91
SPSK_07136 | 2e'4
C. neoformans Ccr4 53
Hgtl SPSK_06192 | 7e'1
Hmx1 No found - -
SPSK_07127 | 9es
Msb2 44
C. albicans
Pral No found - -
Immune evasion Rbt5 No found - -
5e-150
Sitl SPSK_02970 64
Hyp1/RodA No found - -
A. fumigatus
Pksp/Albl SPSK_00653 0 60
C. neoformans Rim101 SPSK_07198 | 2e% 70
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Fet3 SPSK_07279 0 68
. 6e-168
Melanin ‘ TilA SPSK_04101 62
. A. fumigatus
production
2e
Dihydrogeodin/laccase | SPSK_07219 46
Fksl SPSK_01365 | 2e7° 78
2e19
SPSK_02816
C. albicans Dpm3 - 63
Pmt2 SPSK_08548 0 65
ChsG SPSK_06989 0 76
le112
ChsA SPSK_08492 88
2e7t
Cell wall ChsF SPSK_04841 95
synthesis Dpm2 SPSK_08145 | 2e% 83
A. fumigatus Pmtl SPSK_05892 0 72
Pmt4 SPSK_08628 0 78
Kre2/Mntl SPSK_09069 0 88
Kird SPSK_05332 0 74
le%”
Ochl SPSK_03245 51
Mnn9 SPSK_09403 | 9e18 75

*Protein nomenclature corresponds to accession codes of the National Center for Biotechnology Information

database (https://www.ncbi.nlm.nih.gov/; accessed August 2025). The C. albicans, A. fumigatus, and C. neoformans

proteins were subjected to protein BLAST analysis
(https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastp&PAGE_TYPE=BlastSearch&LINK_LOC=blasthom
e). The best hit was reported in the S. schenckii column. * The E value and similarity columns refer to the
comparison of amino acid sequences of the encoded proteins from C. albicans, A. fumigatus, or C. neoformans with

the putative S. schenckii ortholog.

Cell adhesion is an initial and decisive step in the fungal infection process, as it facilitates
colonization of tissue surfaces and subsequent dissemination of the pathogen within the host
[34,45,46]. In pathogenic fungi, surface adhesins, usually proteins anchored to the cell wall, mediate
interaction with components of the ECM, such as fibronectin, laminin, collagen, and elastin,
promoting the establishment of infection [29,47,48]. In S. schenckii, the characterization of specific
adhesins is still limited; however, several studies have shown that this fungus has cell wall
glycoproteins capable of recognizing and binding to ECM proteins, including fibronectin, laminin,
and type II collagen [29,34,48]. These interactions not only promote adhesion to host cells and tissues
but also enhance other processes of pathogenesis, such as invasion and evasion of the immune
response. The adhesin Gp70 is currently the most studied in the Sporothrix complex, and is expressed
in S. schenckii, S. brasiliensis, and S. globosa (Table 2) [34,36,49]. In S. schenckii, Gp70 is a highly
abundant wall glycoprotein. In addition to being attached to the cell wall, it has also been detected as

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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a secreted protein associated with extracellular vesicles, suggesting pleiotropic roles [34,36].
Functionally, Gp70 has been implicated in the adhesion of S. schenckii to components of the host ECM.
In vitro studies have shown that the purified protein can bind to fibronectin and laminin, and
blocking with anti-Gp70 antibodies reduced the fungus’s adhesion to these proteins [34,35]. The
generation of GP70 silencing mutants in S. schenckii resulted in a significant decrease in adhesion to
laminin and fibrinogen, when compared to the wild-type strain, experimentally confirming its role
as an adhesin [34]. An interesting aspect is that the abundance of Gp70 appears to be inversely
correlated with the degree of virulence of the strain, i.e., highly virulent isolates of S. schenckii often
show low expression of Gp70 on their surface, while isolates with reduced virulence exhibit higher
protein density in the cell wall [35]. This suggests that, in addition to its adhesive role, Gp70 has a
strong antigenic load, and it has been reported that some strains can modulate their Gp70 expression
as a strategy to evade immune surveillance [50].

Table 2. Virulence factors reported to S. schenckii.

Virulence factors Protein Reference
Gp70 [35,49]
Adhesins Hsp60 [29]
Papl [29]
Proteinase I [51]
Proteases
Proteinase II [51]
Hsp90 [26]
Thermotolerance
Sscmkl [52]

It was recently reported that the chaperonin GroEl/Hsp60 and Papl have adhesive properties
against various components of ECM, including laminin, elastin, fibrinogen, and fibronectin, while
Pap1 also has an affinity for type-I and type-II collagen [29]. Comparative analyses suggest that Papl
is found in S. schenckii and S. brasiliensis but is absent in S. globosa, which could be related to the lower
virulence observed in this species [29]. These findings reinforce the notion that both classic cellular
stress proteins, such as GroEl/Hsp60, in moonlighting functions, and recently characterized proteins
such as Pap1, expand the repertoire of adhesins in S. schenckii and contribute to its ability to interact
with the host.

Comparative in silico analyses of the S. schenckii genome have identified a set of proteins with a
possible adhesin function, mainly glycoproteins anchored to the «cell wall by
glycosylphosphatidylinositol anchors, predicted using tools such as ProFASTA and FungalRV [42].
Most of these proteins are annotated as hypothetical or belong to families with functions that have
not yet been characterized, making it necessary to validate their expression and biological role using
proteomic and functional approaches [42]. Several of these candidate adhesins are related to basic
fungal cell functions, such as cell wall maintenance, carbohydrate hydrolysis, or hydrolase activity
[42]. These findings suggest that, if their role in adhesion is confirmed, many of them would
correspond to moonlighting proteins, whose primary function is not directly associated with
pathogen-host interaction, but which could contribute to the S. schenckii colonization and persistence
within the host [53].

Although the experimental characterization of adhesins in S. schenckii is still limited,
bioinformatics analyses represent a valuable tool for identifying candidates with potential roles in
cell adhesion. BLAST analysis of the S. schenckii genome identified several putative orthologs of

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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adhesins described in reference pathogenic fungi (Table 1). Specifically, no obvious orthologs were
found for the C. albicans Als family members (Als1-9) or for well-characterized candidate adhesins
such as Eapl, Hwpl, or Iff4 (Table 1). However, candidates with high similarity to Ecm33, Int1, and
Mp65 proteins involved in C. albicans cell wall interaction and adhesion/biofilm formation were
identified [54-56]. Analysis against A. fumigatus revealed putative orthologs of CalA, Scw1l, and
Gell/Gel2, suggesting the presence of multiple enzymes related to cell wall remodeling and
polysaccharide processing that could mediate interactions with the host matrix [57-59]. Compared to
C. neoformans, a partial ortholog for Mp98 was detected [60]. In contrast, other adhesins from A.
fumigatus and C. neoformans (RodA, RodB, AspF2, Mpl, AfCalAp, Cfll, Cpll) showed no clear
orthologs in S. schenckii (Table 1). Taken together, these findings point to two relevant ideas: (i) S.
schenckii possesses a repertoire of proteins related to the cell wall and polysaccharide
hydrolysis/modification that could act directly or indirectly as adhesins. However, proteomic and
functional validation studies are required to confirm their expression and characterize their actual
contribution to the colonization and virulence process in S. schenckii. (ii) The absence of obvious
orthologs of classical multicentric adhesins suggests that S. schenckii has adopted different molecular
solutions for adhesion, possibly resorting to proteins with a primary structural/enzymatic function
that also perform moonlighting functions in host interaction.

Biofilms are a fundamental component in the biology of numerous fungi, as they promote their
persistence in various niches and contribute to pathogenesis [61]. In Sporothrix spp., their
development begins with cell adhesion to biotic or abiotic surfaces, followed by fungal proliferation
accompanied by the production of a polymeric extracellular matrix, and culminates in dispersion to
new surfaces [18,61]. These biofilms have a complex architecture characterized by a dense network
of hyphae immersed in the extracellular matrix and the formation of aqueous channels, which
facilitate both nutrient transport and the structural maintenance of the fungal community [62,63].
Unlike the biofilms of other microorganisms, those of Sporothrix spp. exhibit slower growth, which
could be related to their three-dimensional organization [62]. Recent evidence suggests that the
ability to form biofilms is a key factor in the virulence of the genus, as it confers adaptive advantages
against the host and the environment.

In the specific case of S. schenckii, biofilm formation has been documented in both in vitro and in
ex vivo models, where its filamentous morphology favors the generation of organized structures
characterized by intertwined hyphal networks, extracellular matrix, and water channels [63]. In
addition, its ability to develop biofilms on keratin-rich surfaces, such as cat nail fragments, has been
demonstrated, which is relevant for understanding the mechanisms of sporotrichosis zoonotic
transmission [63]. Comparatively, S. schenckii exhibits greater metabolic activity in the early stages of
biofilm growth than S. brasiliensis, although the latter shows greater resistance to antifungal agents in
vitro [63]. These findings reinforce the idea that biofilm in Sporothrix, and in particular in S. schenckii,
constitutes an essential adaptive strategy that not only favors colonization and transmission but also
resistance to adverse environmental and host conditions. Bioinformatic analyses suggest that S.
schenckii possesses putative orthologs of proteins previously associated with biofilm regulation in
other pathogenic fungi (Table 1). This observation, together with experimental evidence of its ability
to form biofilms [61,62], indicates that this process could be based on partially conserved molecular
mechanisms. However, it is likely that Sporothrix has developed additional regulators or adapted
them to its biology, underscoring the importance of validating these candidates and identifying new
determinants involved in the organization and functionality of its biofilms.

Although factors such as adhesins and biofilm formation have been widely recognized as
determinants of pathogenicity in various fungi, dimorphism represents another crucial element in
the Sporothrix biology [18,64]. This phenomenon allows it to alternate between the saprophytic
myecelial phase and the parasitic yeast-like phase, a fundamental transition for its adaptation to the
host and dissemination in tissues [64,65]. Transcriptomic studies have shown that this transition
involves profound genetic reprogramming, with regulation of pathways related to energy
metabolism, cell wall remodeling, oxidative stress response, and cell signaling [42,65]. Among the
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molecules involved are heat shock proteins (Hsp70, Hsp90) and the histidine kinase SsDRKI,
homologous to factors described in other dimorphic fungi, underscoring the conservation of
molecular mechanisms associated with dimorphism [64-66]. In addition, calcium has been shown to
play a central role in morphological transition by stimulating calmodulin-dependent signaling
pathways (CaMK). In this context, the protein kinase Sscmk1 has been identified as an essential
regulator of morphogenetic and proliferative processes in S. schenckii (Table 2) [52]. This evidence
confirms that dimorphism in S. schenckii is a multifactorial and finely regulated process, the
elucidation of which remains fundamental to understanding the biology and pathogenesis of the
Sporothrix genus.

Although some molecular regulators of dimorphism in S. schenckii are known, information is
still limited, and further experimental studies are needed to fully elucidate the proteins involved in
this process. In C. albicans, regulators such as Cphl, Hgcl, Nrgl, and Tup1 play central roles in the
morphological transition, controlling hyphal formation and the repression of genes associated with
the yeast phase [67-69]. According to our bioinformatic analysis, the S. schenckii genome contains
putative orthologs for these genes, suggesting the conservation of key regulatory pathways (Table 1).
Similarly, in C. neoformans, proteins such as Mob2, Cbkl, Tao3, and Sog2 participate in the RAM
(Regulation of Ace2 and Morphogenesis) pathway, which is involved in cell organization and
polarity [70,71]. Our analysis identified orthologous candidates in S. schenckii, indicating that this
fungus may share conserved regulatory elements with other dimorphic pathogens. These results
suggest that the control of dimorphism in S. schenckii likely involves a network of transcriptional and
signaling factors that are partially conserved with C. albicans and C. neoformans but also include genes
that have not yet been characterized and that could be adapted to the biology of this genus.

Given that morphological transition is closely related to environmental conditions, the ability to
grow and survive at 37 °C becomes an indispensable prerequisite for completing this process [46].
Thus, thermotolerance is not only necessary for the establishment of the parasitic yeast phase but also
represents an essential virulence factor in Sporothrix [46]. Thermotolerance is an indispensable trait
for the adaptation of pathogenic fungi to the host. As in other dimorphic fungi, the response to
increased temperature activates a series of cellular protection mechanisms that include heat shock
proteins, calcium-dependent signaling pathways, and cell wall remodeling, all of which are essential
for maintaining viability and infectivity [65]. This property has been considered a key virulence
factor, as strains unable to sustain growth at physiological temperatures show marked attenuation in
experimental models, highlighting the close relationship between thermotolerance, dimorphism, and
pathogenesis in Sporothrix [46]. Likewise, clinical isolates from cutaneous and disseminated forms
have shown efficient growth between 37 °C and 38 °C, indicating that most strains of S. schenckii
possess effective thermotolerance [46]. At the molecular level, chaperone proteins, such as Hsp90 and
kinases, such as Sscmkl, actively participate in the response to heat stress, regulating homeostasis
and morphological maintenance at physiological temperatures [26]. However, this capacity has some
limitations, with optimal growth of S. schenckii observed between 20 and 30 °C, decreasing
significantly above 40 °C [1]. Taken together, these findings reinforce that thermotolerance is a
dynamic and highly regulated mechanism, essential for the adaptation of S. schenckii to the host
environment and closely linked to its morphogenetic and virulence capacity.

Knowledge about the molecular mechanisms that regulate heat tolerance in S. schenckii is still
limited. However, BLASTp analysis allowed us to identify several putative orthologs of genes
involved in the heat response of reference pathogenic fungi (Table 1). Orthologs of the heat shock
proteins Hsp60, Hsp104, Ssal, and Ssbl from C. albicans were detected, all of which are involved in
maintaining protein homeostasis and cell survival under heat stress [72,73]. Similarly, orthologs of A.
fumigatus, corresponding to CrgA, Sch9, Hsfl, BiP/Kar2, Ssc70, Hsp88, Lhs1/Orp150, and Hsp90 were
identified, which perform essential functions in the regulation of protein folding, cell signaling, and
response to environmental stress conditions [74,75]. In addition, an ortholog of Ccr4 described in C.
neoformans was found, related to transcriptional regulation and adaptation to adverse thermal
conditions [76]. Among these genes, Hsp90 stands out, which has been experimentally characterized

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202512.0011.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 1 December 2025 d0i:10.20944/preprints202512.0011.v1

12 of 37

in S. schenckii and whose participation is crucial for thermal tolerance and maintenance of the yeast
phase at 37 °C [26]. The presence of orthologs of these and other conserved genes reinforces the
hypothesis that S. schenckii uses a molecular repertoire like that of other dimorphic fungi, supported
mainly by heat shock proteins and signaling regulators, to resist the physiological conditions of the
host.

Hydrolase production (proteases, lipases, phospholipases, among others) is a mechanism
frequently associated with the invasion and spread of pathogenic fungi to the host [77]. In S. schencki,
although this field has been less researched, there is evidence that these enzymes contribute to cell
damage and tissue adaptation [78]. For example, studies have shown that fungal proteases can induce
cytopathic effects in human epithelial cells, using assays with substrates, such as azocoll and
zymograms, and that their activity is maintained at different pH levels (5 and 7) [78]. In addition, S.
schenckii strains have shown lipolytic activity with different substrates (olive oil, Rhodamine B, or
Tween 80), suggesting that secreted lipases could participate in the degradation of host lipids and
adaptation to infection niches [79]. Proteomic assays of the cell wall under oxidative stress conditions
have also revealed secreted or extracellular proteins that could have hydrolytic or wall remodeling
functions as part of the response to the host environment. These observations support the hypothesis
that S. schenckii deploys a battery of hydrolytic enzymes as part of its virulence strategy [51,78,80].

Based on the bioinformatic analysis performed, it was possible to identify several putative
orthologs of proteins reported in C. albicans and A. fumigatus associated with the production of
hydrolytic enzymes, such as phospholipases, lipases, and proteases, in the S. schenckii genome (Table
1). Orthologs of the Lip5-8, Sap1-8, and Plb1-3 proteins from C. albicans were found, as well as Pepl,
Pep2, Apl, CtsD, and PlaA from A. fumigatus [81,82]. These proteins perform key functions in other
pathogenic fungi, such as the degradation of host components, tissue invasion, and evasion of the
immune response [83].

Other virulence factors play an important role in the biology of pathogenic fungi, including
immune evasion, melanin production, and cell wall synthesis. About immune evasion, S. schenckii
has developed various strategies that allow it to survive and establish itself within the host, even in
the face of a phagocytic cell response. This process involves coordinated mechanisms, such as biofilm
formation, protease secretion, morphological changes, and the synthesis of proteins with
immunomodulatory functions [46,84]. The mechanisms described include the secretion of molecules
that interfere with complement activation, structural modification of cell wall components, such as
differential exposure of $-glucans and glycoproteins, and the release of extracellular vesicles that
transport antigens and immune recognition-modulating enzymes [46,84]. These strategies reduce
detection by pattern recognition receptors, such as dectin-1 and TLR2, favoring fungal persistence in
infected tissues. Proteomic studies have identified several proteins related to these processes in the
S. schenckii yeast-like phase, including aminopeptidase I, manganese superoxide dismutase, 70 kDa
heat shock protein (Hsp70), glyceraldehyde-3-phosphate dehydrogenase (GAPDH),
hydroxymethylglutaryl-CoA lyase, acetyl-CoA hydrolase, and 3-oxoacyl-[acyl carrier protein]
reductase [42,85]. These proteins play key roles in the dimorphic transition, extracellular vesicle
production, protection against oxidative stress, and tissue invasion. Aminopeptidase I could
contribute to the weakening of host defenses, while 3-oxoacyl reductase, involved in rhamnolipid
biosynthesis, has been associated with direct interaction with immune cells [85]. Likewise, surface
proteins, such as Gp70 and Hsp60, in addition to their adhesive role, act as immunodominant
antigens capable of modulating the activation of immune cells, facilitating the evasion of the immune
response and the persistence of the fungus in the host [29,34,35]. Although several proteins
potentially involved in the immune evasion of S. schenckii have been identified, further experimental
evidence is still needed to fully understand the complex network of interactions that allows it to resist
the action of the host’s immune system. The BLASTp analysis performed in this study contributes to
expanding knowledge about this process by revealing the presence of putative orthologs of genes
known for their involvement in immune evasion in other pathogenic fungi. These include Hgtl,
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Msb2, and Sitl from C. albicans, PksP/Albl from A. fumigatus, and Rim101 from C. neoformans (Table
1).

In addition to mechanisms that enable evasion of the immune response, other factors contribute
significantly to S. schenckii’s ability to persist and cause infection in the host. These include melanin
production and cell wall synthesis and remodeling, two closely related processes that provide
physical and chemical protection against immune system defenses and adverse environmental
conditions [86,87]. Melanin is a pigment associated with the cell wall that acts as an important
virulence factor in S. schenckii, conferring protection against the host’s immune response and adverse
environmental conditions [46,86]. This polymer can mask immune recognition epitopes and
neutralize reactive oxygen and nitrogen species, contributing to the survival of the fungus during
infection [88]. In S. schenckii, the production of at least three types of melanin has been described:
DHN-melanin, eumelanin, and pyomelanin, each synthesized by distinct but functionally
complementary biosynthetic pathways [88,89]. In addition to its role in immune evasion, melanin
also confers resistance to antifungal agents such as amphotericin B and terbinafine, as well as to
nitrogen-derived oxidants [88].

Comparative studies have shown that S. schenckii produces detectable amounts of DHN-melanin
in both its mycelial and yeast-like phases, although in lower proportions than S. brasiliensis, which
could be related to the differences in virulence observed between these species [46,88,90]. The
bioinformatics analysis performed in this study identified putative protein orthologs in S. schenckii
associated with melanin synthesis, previously characterized in A. fumigatus, such as Fet3 oxidase and
phenoloxidase-type enzymes, all involved in the polymerization and deposition of the pigment
within the cell wall (Table 1).

Complementarily, cell wall synthesis and remodeling in S. schenckii constitute another essential
component of its virulence. The wall, composed mainly of chitin, 3-1,3-glucan, 3-1,6-glucan, and
peptidorhamnomannan, undergoes a profound structural reorganization during the mycelium-yeast
transition, which modifies the exposure of immunogenic determinants and affects recognition by host
receptors, such as dectin-1 and TLR2 [29,39,40,91]. In this regard, proteins involved in wall
biosynthesis and assembly, such as chitin synthases, glucanases, and GPI-anchored proteins, could
function dually, participating in both cell architecture and host interaction [92].

Taken together, the virulence factors described reflect that S. schenckii has a remarkable ability
to adapt to the host, supported by coordinated mechanisms that include adhesion, dimorphism,
thermotolerance, melanization, and cell wall remodeling. Although its virulence is considered
intermediate within the pathogenic clade, compared to S. brasiliensis, the differences seem to lie less
in the presence or absence of specific factors and more in their level of regulation and functional
efficiency [46,65]. In this sense, S. brasiliensis exhibits greater expression of genes associated with
energy metabolism, oxidative stress, and melanin production, which could confer advantages in
colonization and tissue dissemination [42]. However, S. schenckii maintains a sufficient repertoire of
strategies to cause both cutaneous and disseminated infections, demonstrating physiological
plasticity that ensures its persistence in various environments and hosts [46]. Understanding the
molecular and functional variations between the two species will be key to clarifying the evolutionary
determinants of virulence within the Sporothrix genus.

4. Immune Response Against S. schenckii

During the interaction between S. schenckii and the host, the innate immune response plays a
fundamental role in controlling infection [93]. This process begins with the recognition of PAMPs by
pattern recognition receptors (PRRs) expressed in immune system cells [28,94]. PAMPs are conserved
structures that the host cannot synthesize and are present in various microorganisms, including
pathogenic fungi. In S. schenckii, the cell wall is the main source of these PAMPs, as it is composed of
chitin, 3-glucans, melanin, glycoproteins, and PRM. These components act as recognizable signals
for the immune system and trigger the activation of initial inflammatory responses [39-41,95]. Among
them, PRM, rich in mannose and rhamnose residues, has been identified as a key PAMP in immune
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recognition due to its ability to activate C-type lectin receptors (CLRs) and Toll-like receptors (TLRs)
and promote the release of proinflammatory cytokines [96,97]. In addition, it has been shown that the
structure and morphology of the fungus directly influence its recognition by the host [41,91,98].
Variations in the exposure of wall polysaccharides can modify the activation of PRRs, affecting the
efficacy of the innate response and conditioning the subsequent induction of adaptive immunity [99].

The recognition of S. schenckii cell wall components is mediated by a wide variety of PRRs
expressed mainly in macrophages, dendritic cells, neutrophils, and human peripheral blood
mononuclear cells (PBMCs) [41,91,95,96,98]. Among these, TLRs and CLRs play a central role [100-
102]. Several studies have shown that TLR2 and TLR4 recognize components of the fungal wall and
contribute to the production of proinflammatory cytokines, such as TNF-a, IL-6, and IL-13, which
promote the recruitment of immune cells to the infection site [100,102,103]. For their part, CLRs,
especially Dectin-1, recognize 3-1,3-glucan residues, activating Syk- and NF-kB-dependent signaling
pathways, which promote the release of inflammatory mediators and the activation of adaptive
immunity [41,96,104]. Together, the coordinated activation of these receptors allows for the early
detection of S. schenckii and the initiation of effector mechanisms that limit its spread [96]. In parallel,
activation of the complement system, particularly the C3 component, facilitates opsonization of the
fungus and enhances phagocytosis by macrophages and neutrophils, thus reinforcing early defense
mechanisms [93,99].

Once PRRs detect S. schenckii components, multiple innate immunity effector pathways are
activated, involving the participation of phagocytic cells such as macrophages and granulocytes
[91,98,101,105,106]. In particular, neutrophils play a crucial role in the early stages of infection. It has
recently been shown that different fungal morphologies, conidia, germlings, and yeast-like cells
induce different responses in human granulocytes, modulating phagocytosis, cytokine release, and
the formation of neutrophil extracellular traps (NETs) [91]. The S. schenckii yeast-like cells stimulate
vigorous NET formation, and (3-1,3-glucan, as well as N- and O-glycans present in the cell wall, were
identified as the main PAMPs for interaction with granulocytes [91]. In addition, it was observed that
different species of the Sporothrix genus use different recognition pathways. In S. globosa, the dectin-
1-dependent pathway predominates, while in S. brasiliensis, detection occurs mainly through TLR4
and the complement receptor CR3. This suggests that the composition of the cell wall determines the
recognition mechanism and the magnitude of the neutrophilic response [91].

Complementarily, PBMCs also actively participate in the initial stages of S. schenckii infection.
These cells recognize fungal wall components, including {-1,3-glucans, N-glycans, and O-glycans
through receptors such as dectin-1, TLR2, and TLR4, triggering the production of proinflammatory
cytokines, such as TNF-a, IL-6, and IL-1p [41]. The elimination of O-glycans in S. schenckii conidia
significantly reduced the production of these cytokines, confirming the immunomodulatory role of
these sugars in the fungus-host interaction. Furthermore, the magnitude of activation varies
according to the fungus morphology, with yeast-like cells stimulating the most robust cytokine
response [41,98].

Macrophages constitute one of the main lines of defense against S. schenckii, as they perform
phagocytosis functions and produce microbicidal mediators [95,101,106]. After recognizing the
fungus through TLR2, TLR4, and Dectin-1, these cells release proinflammatory cytokines, such as
TNF-a, IL-1p, IL-6, and IL-12, which promote the recruitment and activation of other immune cells
[95,107]. Phagocytosis is enhanced by opsonization with antibodies or complement components,
which increases the activation of Fc and CR3 receptors and amplifies the production of inflammatory
mediators [95,96]. During this process, macrophages generate reactive oxygen species (ROS) and
nitric oxide (NO), which are essential for controlling infection [108]. However, S. schenckii can
partially resist these mechanisms by producing melanin and reorganizing its cell wall, strategies that
reduce oxidative stress and allow its intracellular persistence [109]. Murine models with deficient
ROS production show a significant decrease in the ability of macrophages and neutrophils to
eliminate S. schenckii, highlighting the importance of oxidative mechanisms in the early fungus
containment [108,110,111].
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It has also been identified that the approximately 70 kDa glycoprotein (Gp70) on the surface of
S. schenckii acts as a target for antibodies that facilitate opsonization and macrophage-mediated
phagocytosis, evidencing the cooperation between the cellular and humoral components of the
immune response [34,105]. Human monocyte-derived dendritic cells also actively participate in the
recognition of S. schenckii and in the link between innate and adaptive immunity. It has been shown
that phagocytosis of conidia and yeast-like cells depends on receptors such as the mannose receptor,
complement receptor CR3, DC-SIGN, and TLR4, which cooperate in the internalization of the fungus
[95]. The elimination of N- and O-glycans from the wall significantly reduced fungal uptake,
suggesting that the organization of glycans on the surface is critical for their recognition. Once
activated, these cells secrete proinflammatory cytokines, including TNF-a, IL-6, IL-13, and IL-12 in
proportions that vary according to fungal morphology, promoting an environment that favors the
differentiation of Th1 and Th17 lymphocytes in the early stages of infection [95,112].

After initial activation, the adaptive immune response plays a decisive role in controlling and
resolving the S. schenckii infection. The activation of CD4* T lymphocytes occurs after the presentation
of fungal antigens, in the context of the major histocompatibility complex class II (MHC-II), which
induces their differentiation into effector subpopulations with specialized functions [113]. In both
experimental models and in patients, it has been shown that a Thl-type response characterized by
the production of IFN-y and TNF-a is essential for macrophage activation and intracellular
elimination of the fungus, while a Th17 profile, mediated by IL-17 and IL-22, contributes to neutrophil
recruitment and early control of infection [99,114,115]. In contrast, a predominantly Th2 response,
associated with the production of IL-4 and IL-10, is linked to reduced fungicidal capacity and a more
severe disease progression. Taken together, these findings confirm that the balance between Th1 and
Th17 responses determines the outcome of infection and underscore the relevance of interactions
between innate and adaptive immunity [99].

In addition to T cell-mediated cellular immunity, the humoral response also plays an important
role in defense against S. schenckii [116,117]. Specific antibodies targeting cell wall glycoproteins have
been identified, including Gp70, an immunodominant antigen with opsonic capacity that enhances
phagocytosis by macrophages and neutrophils [116]. These antibodies can modulate the
inflammatory response and neutralize virulence factors. Likewise, immunization models with
inactivated or purified S. schenckii antigens have shown that simultaneous activation of the Thl and
Th17 pathways confers partial protection against infection, accompanied by an increase in the
production of IFN-y, IL-17, and specific antibodies [118]. The generation of memory T cells and the
persistence of high antibody titers suggest the possibility of inducing long-lasting protective
immunity, which opens up prospects for the development of vaccines or immunotherapies based on
fungal antigens [119].

Overall, the available evidence shows that the immune response to S. schenckii results from a
dynamic interaction between the host’s innate and adaptive mechanisms. Early recognition of cell
wall components such as {-glucans, glycans, PRM, and the Gp70 glycoprotein triggers the
coordinated activation of macrophages, neutrophils, dendritic cells, and PBMCs, generating a
proinflammatory microenvironment that favors the polarization of lymphocytes toward Thl and
Th17 phenotypes. These subpopulations, together with the production of specific antibodies, form an
effective defense network capable of containing the infection and limiting its spread. However, S.
schenckii has developed immune evasion strategies, including melanin production and cell wall
reorganization, which allow it to reduce PAMP exposure, resist oxidative stress, and evade
elimination by host effector cells.

5. Sporotrichosis Associated with Sporothrix schenckii

Sporotrichosis is a subcutaneous mycosis caused by members of the pathogenic clade of the
Sporothrix genus and is reported in humans and other mammals, like cats. It is globally distributed
with a high prevalence in tropical and subtropical areas, with several clinical forms, ranging from a
fixed cutaneous form to a disseminated form that can affect deep-seated organs, such as bones and
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lungs [4,120]. The infection is commonly acquired by traumatic inoculation with contaminated
vegetal matter (sapronosis) or the scratch-bite of an animal with sporotrichosis (zoonosis), with a high
prevalence in immunocompetent patients [22]. Although S. brasiliensis is the species responsible for
the highest number of cases currently recorded, S. schenckii continues to be a species of great clinical
and epidemiological relevance, associated with numerous historical outbreaks and cases reported in
different regions of the world. [121-123].

The main regions with S. schenckii-associated sporotrichosis are South Africa, Australia, North
and Central America, Western South America, Madagascar, Thailand, Japan, and China [23,24,124].
This wide distribution reflects the cosmopolitan nature of the species and its ability to adapt to
different ecological niches [4]. Throughout the 20th century, S. schenckii was considered the classic
etiological agent of sporotrichosis, responsible for multiple epidemic outbreaks, such as those in
South Africa and the United States, associated with the handling of contaminated vegetables and
decaying organic material [125]. These historical events laid the foundations for knowledge about the
ecology, transmission, and clinical variability of the Sporothrix complex, consolidating S. schenckii as
the most studied model within the genus [4].

Infections caused by S. schenckii show remarkable clinical variability, resulting from both the
characteristics of the host and the biological diversity of the fungus itself [21]. In general terms, the
fixed and lymphocutaneous skin forms are the most common, especially in immunocompetent
individuals exposed through traumatic inoculation of contaminated plant material [12,21]. However,
S. schenckii is also capable of causing extracutaneous manifestations, including osteoarticular, ocular,
pulmonary, and disseminated forms, which can compromise deep organs and have a more severe
course, particularly in immunocompromised patients [126,127]. These clinical variants reflect the
fungus’s adaptive capacity to colonize different tissues, as well as its ability to modulate the host’s
immune response and persist in adverse conditions. Taken together, the available evidence positions
S. schenckii as a versatile pathogen with zoonotic and sapronotic potential, whose global distribution
translates into a wide range of clinical presentations that vary in frequency and severity between
geographic regions [128-130].

In countries such as Canada, the United States, Mexico, Costa Rica, Guatemala, Honduras,
Panama, Cuba, Venezuela, Colombia, Brazil, Peru, Paraguay, Uruguay, and Chile, numerous cases
of sporotrichosis attributed to S. schenckii have been documented (Figure 3) [12,131-135]. Historical
reports place the Americas as one of the regions with the greatest clinical and ecological diversity of
this pathogen [4,12].

North and central America

QConﬁrmed cases of S. sehenekii in America

Figure 3. Geographic distribution of Sporothrix schenckii in North, Central, and South America. This species is

predominantly distributed throughout the American continent. In North and Central America, S. schenckii has
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been reported in countries such as Canada, the United States, Mexico, Guatemala, El Salvador, Honduras,
Nicaragua, Costa Rica, Cuba, and Panama. In South America, its presence has been documented in Colombia,

Venezuela, Ecuador, Bolivia, Peru, Brazil, Paraguay, Uruguay, Argentina, and Chile.

Molecular analyses have identified two main lineages: clade Ila, which includes homogeneous
isolates from North and South America (Argentina, Bolivia, Colombia, and Peru), and clade IIb,
restricted mainly to the Southern Cone, especially in Peru and Argentina, suggesting a continental
expansion of the S. schenckii complex favored by environmental and occupational factors [4,136].
Several epidemic outbreaks have been documented in the United States during the 20th century, one
of the most significant being in 1988, when more than 80 people in 15 states were infected after
handling contaminated sphagnum moss used in nurseries and gardening [137]. In Mexico,
sporotrichosis is one of the most common subcutaneous mycoses, with more than 2,700 cases
recorded between 1914 and 2019, of which approximately 67% correspond to the lymphocutaneous
form and 26% to the fixed form. Most patients were immunocompetent and acquired the infection
through traumatic inoculation of contaminated plant material [1,120,138-140].

Extracutaneous forms, particularly osteoarticular and pulmonary, have also been described,
accounting for about 10-15% of cases, mainly in individuals with predisposing factors, such as
alcoholism or immunosuppression [12,126,127]. In Central America, countries such as Costa Rica,
Guatemala, and Panama have reported sporadic cases related to the handling of contaminated soil
and vegetation, while in western South America, S. schenckii remains the main etiological agent of
human sporotrichosis in regions of Venezuela, Colombia, Peru, and Chile [4,132,135]. Overall,
epidemiological evidence shows that more than 80% of S. schenckii infections in the Americas are
cutaneous (fixed or lymphocutaneous), while systemic manifestations constitute a smaller but
clinically relevant percentage, reflecting the fungus’s adaptive capacity to colonize different tissues
and persist under diverse immunological conditions [4].

In Asia, S. schenckii continues to be the main species associated with human sporotrichosis, with
widespread distribution in countries such as China, Japan, India, and Thailand (Figure 4) [141-143].
In China, this mycosis is one of the most prevalent subcutaneous infections, with more than 3,000
cases documented in recent decades, of which more than 90% are attributed to S. schenckii [4,121,144].
The northeastern provinces, particularly Jilin, Heilongjiang, and Liaoning, have the highest disease
burden, favored by the cold and humid climate that promotes the survival of the fungus in the soil
and in decaying plant matter [4,121]. Most infections are cutaneous, especially the fixed and
lymphocutaneous forms in immunocompetent individuals. However, extracutaneous osteoarticular,
pulmonary, and ocular cases have been reported, especially in immunocompromised patients or
those with a history of prolonged corticosteroid treatment [121,145]. In Japan, S. schenckii has
historically been the predominant agent, with numerous cases reported in agricultural workers,
gardeners, and flower growers exposed to contaminated organic material [4]. Cases are mainly
concentrated in temperate regions, where humidity and intensive agricultural activities favor
transmission; in addition, a marked seasonality has been observed, with peaks in incidence in spring
and early summer [4].
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Figure 4. Geographic distribution of Sporothrix schenckii in Asia and Africa. This species is widely distributed in
Asia, with cases reported in China, Japan, India, Thailand, Malaysia, and Iran, involving both sapronotic and
zoonotic transmission. In Africa, S. schenckii has been historically associated with major outbreaks in South Africa

and sporadic cases in Madagascar, highlighting its persistence in environmental and occupational settings.

In India, S. schenckii has been recognized as the predominant etiological agent since the mid-20th
century, with most cases concentrated in the northern and northeastern states, particularly Himachal
Pradesh, Uttarakhand, and Sikkim [4]. Between 1960 and 2013, more than 400 cases were
documented, with marked endemicity in mountainous regions with a temperate and humid climate,
where the fungus is associated with agricultural soils and decaying vegetation. The
lymphocutaneous form accounts for about 75-80% of infections, followed by the fixed form.
However, extracutaneous forms, mainly osteoarticular and pulmonary, have been described in
immunocompromised patients or those undergoing prolonged steroid treatment [146]. Localized
outbreaks have been linked to rural activities, such as handling hay and thorny branches, while in
urban settings, cases related to gardening have been reported.

In Thailand, sporadic cases of sporotrichosis have been reported through both sapronotic and
zoonotic transmission. In one of the first reports, a 71-year-old man with chronic diseases and owner
of an infected cat developed progressive lymphocutaneous lesions after being scratched, while a
healthy 31-year-old woman developed skin ulcers after contact with a sick cat. In both cases, S.
schenckii was identified by culture and mass spectrometry [4,147]. Recent studies confirm the presence
of S. schenckii in Thai human isolates, suggesting the persistence of endemic foci in tropical rural
areas, as well as the possibility of transmission between domestic animals and humans [142].

In Malaysia, a six-year study recorded 19 confirmed cases, of which 68.4% were
lymphocutaneous, and a similar proportion were patients with a history of trauma or cat bites [142].
Subsequently, molecular analysis identified 25 clinical isolates of S. schenckii in humans and cats,
confirming that all were S. schenckii and shared genetic identity, suggesting the presence of a clonal
lineage in the country. The coexistence of human and feline strains reinforces the relevance of
zoonotic transmission, in addition to the traditional sapronotic route [148,149]. In addition, in other
countries, such as Iran, eight cases of sporotrichosis were reported, five women and three men
between the ages of 23 and 60, with a predominance of fixed and lymphocutaneous forms, and one
case of osteoarticular sporotrichosis [94]. All isolates corresponded to S. schenckii, with no evidence
of zoonotic transmission, suggesting that infection in that region persists mainly as a sapronosis of
environmental origin.
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On the African continent, S. schenckii has historical significance as the classic agent of
sporotrichosis [150]. South Africa was the scene of some of the most extensive outbreaks recorded
worldwide, especially between the 1940s and 1980s, when thousands of gold miners contracted the
infection after coming into contact with contaminated wood used in tunnel construction [125,150].
During this period, it was estimated that more than 3,000 cases occurred in the Transvaal region,
consolidating South Africa as a historical endemic focus of the disease. The predominant clinical
manifestations were the lymphocutaneous and fixed forms, while extracutaneous presentations were
rare and mainly observed in immunocompromised individuals. Although the incidence has declined
since the end of occupational outbreaks, sporotrichosis remains endemic in some rural regions of
South Africa and Madagascar, where S. schenckii continues to be the most frequent etiological agent
(Figure 4) [4,23].

More recently and unusually, cases of osteoarticular sporotrichosis caused by S. schenckii have
been reported, characterized by a chronic and indolent course that often delays diagnosis and
initiation of appropriate treatment. These infections usually involve large joints, such as the knee,
elbow, or ankle, with nonspecific clinical findings that mimic bacterial or mycobacterial arthritis
[130,151-153]. In most cases, the infection originates from hematogenous spread or direct extension
from a previous skin lesion, although primary cases with no apparent entry point have also been
documented [131]. Vertebral, synovial, and tenosynovial infections have also been described in
immunocompromised patients, chronic alcoholics, or patients undergoing prolonged treatment with
corticosteroids [126]. The clinical course is usually prolonged, with periods of months or even years
before definitive diagnosis, and isolation of the fungus in synovial fluid or bone biopsies remains the
gold standard for etiological confirmation.

Overall, global epidemiological evidence shows that S. schenckii maintains a wide geographical
distribution and remarkable ecological plasticity, allowing it to adapt to diverse environments and
hosts. Although transmission patterns differ between regions, with sapronosis predominating in Asia
and Africa and sapronotic and zoonotic routes coexisting in the Americas, the species retains a
remarkable capacity for environmental persistence and infection in immunocompetent individuals.
The cutaneous, fixed, and lymphocutaneous clinical forms continue to be the most common forms in
all continents. However, extracutaneous cases, although less common, represent a diagnostic and
therapeutic challenge, especially in patients with immunosuppression or underlying chronic
diseases. This overview highlights the biological and pathogenic versatility of S. schenckii, as well as
the need to strengthen epidemiological surveillance and molecular studies to better understand the
transmission dynamics and genetic diversity of this species globally.

Domestic Animals’ Infection by Sporothrix schenckii

S. schenckii infections in domestic animals represent an important, although often
underestimated, route of transmission to humans [154]. Even though most of the literature on
Sporothrix zoonosis has focused on S. brasiliensis, especially in cats in Brazil, S. schenckii continues to
be reported in cats, dogs, and other domestic mammals in different countries [4,122,123].

Young adult cats, males, with uncontrolled outdoor access are those most frequently stricken by
sporotrichosis, associated with inter-animal aggression [155,156]. The clinical presentation can range
from isolated cutaneous lesions to fatal systemic ones [21]. In the first case, the most common lesion
pattern is cutaneous ulcers, granulomatous nodules, and crusts, as well as lymphangitis and
lymphadenitis on different parts of the body, especially on the head, nose, ears, distal limbs, and base
of the tail [157,158]. The most frequently documented extracutaneous manifestations are associated
with respiratory involvement, including symptoms such as sneezing, rhinorrhea, and dyspnea. These
are directly linked to therapeutic failure and increased mortality [159,160]. Mucous membrane
involvement, notably affecting the ocular mucosa, is also commonly reported in feline cases [157,161].
Notably, concurrent infections with feline leukemia virus or feline immunodeficiency virus do not
significantly influence the clinical presentation or prognosis in affected cats [21,162].
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Feline sporotrichosis caused by S. schenckii has been documented in Europe, the United States,
and Asia. However, the disease has not exhibited the same clinical or epidemiological impact as the
hyperendemic situation associated with S. brasiliensis in Brazil [142,163-166]. Sporotrichosis caused
by S. schenckii in Japan, Malaysia, and Thailand has been observed with a clinical pattern
characterized by a high prevalence of lesions located in cooler areas of the feline body, such as the
nasal region and especially the tips of the ears [156,165,167]. This distribution could be related to the
lower relative heat tolerance of S. schenckii compared to S. brasiliensis, which would favor its growth
in peripheral areas of the feline body, where the temperature is lower than in the core. Given that cats
have an average physiological temperature of 38-39 °C, this difference could influence the location
of lesions and susceptibility to deeper infections.

In a recent study, the in vitro interaction between S. schenckii and feline phagocytes was
evaluated, observing a lower rate of phagocytosis and cytotoxicity compared to S. brasiliensis, as well
as morphophysiological differences, including early hyphal formation, suggesting specific
mechanisms of immune evasion and persistence [118]. In Australia, although cases of feline
sporotrichosis are rare, a high fungal load has been reported in skin lesions, representing a significant
risk of zoonotic transmission [108].

A classic study conducted in Brazil isolated S. schenckii in 100% of 148 cats with clinical signs
and in 66.2% of nasal cavities, 41.8% of oral cavities, and 39.5% of nails, even in some apparently
healthy animals in household contact with positive cases. These findings suggest the possibility of
asymptomatic colonization and its role as a domestic reservoir [154]. Similarly, a more recent report
in Belém (Para, Brazil) documented the first isolation of S. schenckii in a cat with possible zoonotic
transmission to its owner, highlighting the underreporting of these cases and the persistent risk in
urban environments [168].

Overall, the available evidence indicates that cats, particularly unneutered males with free access
to the outdoors and prone to fighting or biting, act as reservoirs and sources of transmission of the
fungus (Figure 5). Although most recent studies focus on S. brasiliensis, the clinical and
epidemiological relevance of S. schenckii in the zoonotic cycle persists. These findings underscore the
need to strengthen veterinary surveillance, environmental control, and health education.
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Sapronosis route

Zoonosis route

Figure 5. Transmission routes of Sporothrix schenckii. The sapronosis route originates from the mycelial phase (25
°C) present in soil, decaying vegetation, and plant material, where conidia can be inoculated into humans or
animals through traumatic injury. In the host, the fungus undergoes a dimorphic transition to the yeast phase,
initiating infection. The zoonotic route mainly involves transmission from infected cats to humans, dogs, or other
mammals through scratches, bites, or contact with exudates from ulcerated lesions. The zoonotic route mainly
involves transmission from infected cats to humans, dogs, or other mammals through scratches, bites, or contact
with exudates from ulcerated lesions. In addition, cats can acquire the infection from mice, and transmission can

also occur in the opposite direction.

Dogs are the second most affected vertebrates, mainly because of their close contact with cats. S.
brasiliensis and S. schenckii are the primary species causing clinical sporotrichosis in this vertebrate
(Figure 5) [156,169-171]. However, in dogs, the condition occurs less frequently and is often
characterized by multiple cutaneous and subcutaneous lesions on the head, ears, and thorax.
Osteoarticular and disseminated manifestations have also been documented, though they are rare
[169,171]. Transmission can result from injuries incurred during hunting activities, such as those
caused by thorns or wood splinters [170].

A recent case reported in Brazil described a natural infection by S. schenckii in a guinea pig (Cavia
porcellus), which is the first documented case in this species [172]. The animal, which lived with five
cats with free access to the outdoors, showed exudative crusted lesions on the dorsal region, with the
infection confirmed by PCR and direct cytology. Treatment with itraconazole (5 mg/kg/day for 45
days), combined with the topical application of ozonated sunflower oil, achieved complete remission
of the lesions [172]. This finding broadens the spectrum of hosts susceptible to the S. schenckii complex
and reinforces the role of cats as the primary source of transmission to other domestic animals and
humans.

Taken together, these cases confirm that S. schenckii maintains a broad adaptive capacity among
domestic and companion mammals, including canines and rodents, and that interspecies
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transmission occurs frequently in environments where infected animals coexist. The identification of
new host species, such as guinea pigs, highlights the importance of active veterinary surveillance,
early molecular diagnosis, and the implementation of biosecurity measures in the management of
infected animals.

6. Identification and Diagnostic

Detection and diagnosis of sporotrichosis caused by S. schenckii represents a challenge; there are
reports about clinical cases where the diagnosis is not correct and, as a consequence, neither the
treatment [173].

First-line phenotypic techniques, such as cultures in different media like Saboraud agar,
Saboraud dextrose agar, blood agar, and brain-heart infusion at different temperatures (25 °C and 37
°C), are commonly used in the identification of S. schenckii. These techniques allow for observing the
typical forms and color of the colonies between 5-10 days, as well as the characteristic mycelium and
yeast-like cell morphologies when inspected under the microscope [142,173]. Lactophenol cotton blue
staining is also used as a confirmatory technique due to its effect on the fungal structures; in the case
of S. schenckii is easy to observe the typical septate hypha and the conidia flower bouquet [142].

On the other hand, immunological techniques have been described for the identification of S.
schenckii, based on agglutination and immunoenzymatic assays that were performed with a fraction
of the PRM and anti-S. schenckii rabbit serum. This cell wall fraction was recognized by patients’ IgG
antibodies; however, it is not effective in the diagnosis of patients with acute sporotrichosis or with
past infections. Furthermore, the identification at the species level is not possible [174]. Thus, more
research is necessary on this kind of technique to be useful in the future.

Although the techniques mentioned are very helpful in the correct diagnosis, it’s necessary the
use more precise tools for the confirmation of an infection caused by Sporothrix species. For S.
schenckii, molecular tools have been reported to be useful in their identification. The amplification of
the chitin synthase 1 gene by polymerase chain reaction (PCR) was the first molecular technique
described in the identification of this fungus [175]. Another PCR assay has been designed to target
the 185 rRNA gene sequence, used as a confirmatory method to isolate previously evaluated by
phenotypic techniques, helping in a fast a correct diagnosis in the sporotrichosis cases [176]. In
Mexico, a technique based in the restriction fragment length polymorphism of the mitochondrial
DNA was used to characterize thirteen S. schenckii isolates coming from different sporotrichosis cases,
finding out that all of them belonged to the group A in a phylogenic tree previously established for
the nithocondrial DNA, confirming the prevalence of the group A in the Americas and the differences
between these isolates [177]. In the same way, other targets as the topoisomerase II gene, 3-tubulin
gene, ITS regions, or some regions of the large-subunit rDNA, like D1-D2 in the 28S, have been used
for the identification of genetic differences between strains of the same species or for the first
identification of S. schenckii in some regions that have not been identified before [178]. Sequence
analysis of the calmodulin gene and the use of the universal primer T3B in PCR fingerprinting have
been reported as useful in the differentiation of species like S. schenckii from other closely related
species, providing valuable information about the variations that could exist even between members
of the same species, opening the possibilities at the moment of confirm a microbiological data in
combination with one or more molecular techniques, making easier a fast and correct identification
of S. schenckii [179].

Recently, a new method based on a multiplex real-time PCR using as target the calmodulin gene
showed a high fidelity at the moment of the identification between different Sporothrix species, being
able to detect a coinfection or giving a positive result in strains that were not able to grow in a typical
culture. This could represent a new alternative that does not need previous phenotypic results, saving
time and giving the patient the possibility of start its treatment as soon as possible. However, it is
mentioned that this method has not been tested with clinical isolates, and it is necessary to prove its
efficacy in the field [180].
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Matrix-assisted laser-desorption/ionization time-of-flight mass spectrometry is another
technique that has been used to identify species in a fast way, based on the analysis of the ribosomal
proteins, and has demonstrated efficacy at the moment of being compared with other techniques,
such as the calmodulin gene sequencing. The work made by Oliveira et al. [181] showed a validation
of a method that allowed the identification of different species of Sporothrix spp., and at the same
time, the enrichment of a database library to be used as a guide in the future identification of species
like S. schenckii [181]. This technique has already been used in the identification of S. schenckii in
clinical cases of patients with sporotrichosis caused by this pathogen [142], confirming its efficacy in
combination with other identification methods.

7. Treatment

The therapeutic management of sporotrichosis depends primarily on the clinical form, the
patient’s immune status, and the antifungal susceptibility of the isolate. Over time, treatment
strategies have evolved from the use of iodinated compounds to second-generation azoles, which
currently represent the basis of management with excellent clinical results [21,182].

Itraconazole remains the drug of choice for most cutaneous and lymphocutaneous forms
[21,183]. This antifungal agent is effective and safe, with low toxicity and good tolerance even in
prolonged treatments [184]. It is administered orally at doses of 100-200 mg/day for an average
period of 3 to 6 months, extending therapy for at least 2 to 4 weeks after complete clinical resolution
of the lesions [21,25,182]. Its effectiveness is related to its adequate oral bioavailability and fungistatic
activity against S. schenckii, with minimum inhibitory concentrations (MICs) reported between 0.03
and 1 pg/mL [185]. In cases of disseminated or refractory disease, the dose may be increased to 200
mg every 12 hours.

Terbinafine represents a safe and effective therapeutic alternative, with in vitro activity
comparable to that of itraconazole and MICs ranging from 0.03 to 0.5 pg/mL [186]. It is administered
at doses of 250 to 1000 mg/day, with a treatment duration similar to that of itraconazole [187]. In a
comparative study, doses of 250 mg/day of terbinafine and 100 mg/day of itraconazole achieved cure
rates of 92.7% and 92%, respectively, demonstrating that terbinafine is an equally effective and well-
tolerated option for cutaneous sporotrichosis [188]. Clinical studies have also shown that the
combination of terbinafine and itraconazole can have a synergistic effect, shortening the time to
resolution of lesions [21]. However, the high cost of terbinafine compared to itraconazole remains a
significant limitation, especially in developing countries [183].

Another alternative treatment for uncomplicated cutaneous forms is potassium iodide, one of
the oldest treatments, which continues to be an effective and economical alternative, especially in
rural areas or areas with limited access to azole antifungals. However, its use has been limited by
adverse gastrointestinal effects, hypersalivation, thyroid disorders, and low tolerability [189,190].

Disseminated, osteoarticular, pulmonary, or meningeal forms of sporotrichosis require a more
aggressive therapeutic approach [1,25]. In these cases, amphotericin B is the treatment of choice,
especially in patients with systemic involvement or immunosuppression. The liposomal formulation
(3-5 mg/kg/day) is recommended due to its better safety profile and lower nephrotoxicity. However,
when it is not available, the deoxycholate formulation (0.7-1 mg/kg/day) can be used until clinical
improvement is achieved [183]. Once the initial response has been achieved, consolidation therapy
with itraconazole (200 mg every 12 hours) is indicated for a period of 6 to 12 months to prevent
relapse and ensure complete resolution of the infection [183]. In cases of meningeal or disseminated
disease, it may be necessary to prolong antifungal therapy or maintain a long-term suppressive
therapy regimen [16]. Lipid formulations of amphotericin B have demonstrated comparable efficacy
with a significant reduction in renal toxicity, making them the preferred option when available.

In this context, second-generation azoles, such as posaconazole and voriconazole, have shown
excellent in vitro activity against the S. schenckii complex, with average MICs between 0.06 and 0.5
pg/mL, although clinical evidence remains limited [191,192]. A recent comparative study evaluated
the susceptibility of various species of the genus Sporothrix to conventional and new-generation
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agents, demonstrating greater sensitivity of S. schenckii to posaconazole and voriconazole, while some
strains showed a lower response to fluconazole and amphotericin B, reinforcing the importance of
antifungal monitoring and targeted therapy [193]. In contrast, fluconazole has inconsistent activity
and is not recommended as a first-line drug [183]. In recent years, combination therapeutic strategies
have been explored, such as itraconazole—terbinafine or amphotericin B-azoles, which have shown
promising results both in vitro and in refractory clinical cases, suggesting a possible synergistic effect
[21,188].

Likewise, there has been growing interest in natural metabolites with antifungal potential,
including terpenoids, flavonoids, and phenolic compounds, which have demonstrated inhibitory
activity against S. schenckii and could act as adjuvants in conventional therapeutic regimens [194].
Although these alternatives are still in the experimental stages, their study broadens the prospects
for the development of new antifungal agents with a better safety profile and lower risk of resistance
[21].

Although conventional antifungal therapies and new combination strategies have significantly
improved the prognosis of sporotrichosis, clinical management remains challenging in
immunocompromised patients [195,196]. In individuals with HIV infection, undergoing
immunosuppressive treatment, or with severe comorbidities, S. schenckii infections tend to have a
longer, more refractory course and a higher risk of systemic dissemination. In these cases, antifungal
treatment should be maintained for longer periods, accompanied by close clinical and mycological
monitoring, as well as correction of immunosuppression when possible [195].

At the same time, complementary immunotherapeutic strategies have been explored to enhance
the host response [197,198]. In murine models, immunization with cell wall proteins and the use of
monoclonal antibodies directed against the Gp70 glycoprotein, a surface adhesin of S. schenckii, have
been shown to reduce the fungal load and modulate the inflammatory response, opening up new
perspectives for the integration of immunomodulatory approaches in the treatment of sporotrichosis
[197].

In special populations, treatment must be carefully adjusted. In pregnant women, amphotericin
B is the drug of choice, given the teratogenic risk associated with the use of azoles and the adverse
thyroid effect of potassium iodide [183]. In pediatric patients, both itraconazole and potassium iodide
are safe and effective, with doses adjusted to body weight and a favorable clinical response [21,183].

Overall, therapeutic advances have substantially improved the prognosis of sporotrichosis
caused by S. schenckii. However, the recent identification of strains with reduced susceptibility to
itraconazole and amphotericin B [193], variability in clinical response among species of the S. schenckii
complex, and the absence of specific therapies for severe or refractory forms represent persistent
challenges. These limitations underscore the need to develop new antifungal compounds, optimize
combination strategies, and advance immunotherapeutic approaches that improve the efficacy and
reduce the toxicity of available treatments [199].

Conclusions

Sporothrix schenckii remains one of the most representative and versatile species within the
Sporothrix pathogenic clade, notable for its wide geographical distribution, remarkable phenotypic
plasticity, and ability to infect multiple hosts. Although recent scientific attention has focused on S.
brasiliensis, S. schenckii continues to play an essential role in understanding the evolutionary,
physiological, and molecular mechanisms underlying sporotrichosis and other dimorphic mycoses.

Advances in genomics, transcriptomics, and proteomics have made it possible to delineate the
main components involved in virulence and host adaptation, including factors associated with cell
wall remodeling, dimorphic transition, melanin production, and adhesin expression. However, many
of the mechanisms that regulate these responses remain unclear, and their elucidation could open
new avenues for the design of targeted therapies and more effective immunomodulatory strategies.
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In the future, it will be a priority to conduct more in-depth comparative studies between species
of the S. schenckii complex, with special attention to differences in virulence, immune response,
antifungal susceptibility, and zoonotic transmission capacity.

Overall, S. schenckii remains a reference species in modern medical mycology. A comprehensive
study covering everything from molecular biology to ecological and clinical dynamics will provide
the basis for developing more sensitive diagnostic tools, safer therapies, and preventive strategies
adapted to current epidemiological realities. Consolidating this knowledge will strengthen our
understanding of emerging mycoses and contribute significantly to global public health.
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