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Sporotrichosis is a neglected, deep-seated fungal infection traditionally associated with Sporothrix
schenckii, a dimorphic organism that was first described more than a century ago in human and
rat specimens [1]. Since the disease caused by this organism is primarily confined to tropical
areas, is not a nosocomial infection, or associated with high mortality rates, sporotrichosis is
not regarded as a major threat to humans, like candidiasis, aspergillosis, and cryptococcosis [2].
However, the epidemiology, the clinical perspective, and fundamental aspects of Sporothrix have been
changing significantly, and sporotrichosis is now considered a zoonotic disease, caused not only by
one fungal species, and is associated with high morbidity rates, and, in the immunocompromised
host, mortality caused by this infection is usual [3–5]. Thus far, there are several species that had been
classified within the Sporothrix genus, but a handful of them, namely the pathogenic clade composed of
S. schenckii, Sporothrix brasiliensis, Sporothrix globosa, and Sporothrix luriei, are related to sporotrichosis [6].
This Special Issue highlights the recent progress in the study of this disease and its etiological agents.

So far, S. brasiliensis has only been found in Brazil, whereas S. globosa predominantly in Asia;
S. schenckii, on the other hand, is distributed worldwide [5]. As a confirmation of this trend, a study by
Rojas et al. reports that S. schenckii is indeed the most prevalent species isolated from clinical specimens
collected in Mexico, with the absence of S. brasiliensis and an anecdotic isolate of S. globosa [7].

Since the first description of the disease, its diagnosis has relied on the clinical manifestations,
the direct examination of biological specimens, and the culturing of the microorganism [1].
However, the infection is pleiomorphic in terms of the clinical forms, which turns differential
diagnosis into a difficult task, as revised here by Conceição-Silva and Morgado [8]. As proof
of this, Tirado-Sánchez and Bonifaz revise the diagnosis of the sporotrichoid lymphocutaneous
infection, the most frequent and characteristic form of sporotrichosis. They report a list of other
fungal pathogens, bacteria, and viruses that can cause similar lesions in the skin, making differential
diagnosis challenging [9]. As a helpful tool for clinicians, they propose an algorithm to facilitate
the diagnosis of nodular lymphangitis caused by Sporothix spp. [9]. The microscopic examination
of samples from lesions is not informative enough to establish a diagnosis of sporotrichosis, as the
classical cigar-shape fungal cells or asteroid bodies found in cases of sporotrichosis are found in a
small number of positive samples [10]. The culture of the fungus remains as the gold standard for the
diagnosis of this infection, but it is time-consuming and culture-negative cases of sporotrichosis can
occur. Here, Arenas et al. elegantly present a thorough revision of the literature, summarizing the new
molecular and immunological alternatives developed to assist in the diagnosis of sporotrichosis [10].
Moreover, Bonifaz et al. evaluate the use of sporotrichin in skin testing for the diagnosis of cutaneous
sporotrichosis [11]. The study, which included 138 cases of suspected sporotrichosis, demonstrates that
the sporotrichin-based skin test showed a sensitivity and specificity for the disease of 94.5 and 95.2%,
respectively, placing this assay as a complementary tool during the diagnosis of this disease [11].
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The natural niche of Sporothix spp. has been traditionally related to vegetal tissues,
debris, and decaying matter; this is the reason sporotrichosis is known as the rose pickers’ disease or the
gardener’s disease [1,3,4]. Most recently, this infection has emerged as a zoonosis transmitted mainly
by infected cats, which are causing severe epidemic outbreaks, like that reported in Brazil, caused by
S. brasiliensis [12]. The current efforts to control the zoonotic transmission of sporotrichosis are not enough,
as the number of cases in both humans and animals is not reducing [1]. One promising approach to break
the infective cycle is to improve the diagnosis and treatment of ill cats, as the open lesions they have on
their skin contain a high fungal burden [13]. Here, de Miranda et al. propose the evaluation of the fungal
burden in open lesions as an indicator of the effectiveness of the antifungal treatment [13].

The specific environmental and ecological aspects of the natural habitat of the pathogenic
species of the Sporothrix genus are poorly understood and limited information is currently available.
Here, Ramírez-Soto et al. report a retrospective study aiming to establish the environmental conditions
of the geographical locations where these organisms have been isolated from soil samples [14].
Sixteen countries are contained in the geographical regions where Sporothrix was commonly isolated,
and S. schenckii was the most frequent species retrieved from these samples with an estimated
temperature ranging from 6.6 ◦C to 28.84 ◦C and a relative humidity between 37.5% and 99.06% [14].
To provide more information about the environmental factors that influence the establishment of
the infection caused by Sporothrix spp., Batista-Duharte et al. studied the effect of the exposure to
mercury (II) chloride on the susceptibility to sporotrichosis [15]. This has a negative impact on the
immunological fitness of mice, affecting the production of inflammatory cytokines, nitric oxide by
macrophages, and lymphocyte populations [15]. The mercury-exposed mice showed higher fungal
loads and propensity to develop the disseminated disease than the non-treated group, suggesting that
sporotrichosis outbreaks could be related to polluted areas with a high content of mercury [15].

The antifungal repertoire to treat sporotrichosis usually depends on the clinical form of the
disease, the longevity of the infection, the presence of other chronic illnesses in the patient, and the
fungal species. Terbinafine, potassium iodine, and some azoles are among the drugs with good
antifungal activity against Sporothrix spp., as discussed here by García-Carnero et al. [16]. Due to
the limited options currently available to treat sporotrichosis and the constant menace of acquisition
of antifungal drug resistance, the generation of passive and active immunological approaches has
emerged as a new research area to control fungal infections, including sporotrichosis. The protein
Gp70 has been one of the candidates to develop an anti-Sporothrix vaccine [17–23], but other
alternatives, such as formulations using cell wall glycoproteins, have also provided promising
results, which are underscored by the development of protective responses upon immunization
with these preparations [24]. Here, Quinello et al., provide new information on the use of dendritic
cells as alternatives to deliver fungal epitopes to stimulate a protective anti-Sporothrix response [25].
Mouse bone-marrow-derived dendritic cells were stimulated with S. schenckii cell wall proteins and
then cocultured with splenocytes. As a result, the activated dendritic cells stimulated a cytokine profile
suitable for the activation of the Th1 cell population, suggesting the cell wall preparation could lead
to the establishment of a protective antifungal response [25]. Since the study was conducted in an
in vitro setting, this observation still needs to be confirmed in the animal model of sporotrichosis.

Without doubt, the development of rational strategies to generate protective immunization against
Sporothrix spp. or any other pathogen requires basic knowledge of the host–pathogen interaction,
the main determinants that assist the invader in colonizing and damaging tissues, as well as the
antigenic molecules this may possess and which are therefore recognized by elements of the immune
response. Here, Conceição-Silva and Morgado and García-Carnero et al. summarize the current
knowledge on the recognition of Sporothrix by the host immune system and identify the challenges
that should be addressed in the near future [8,16].

Acknowledgments: This work was supported by Consejo Nacional de Ciencia y Tecnología (ref.;
PDCPN2014-247109, and FC 2015-02-834) and Universidad de Guanajuato (ref. 1025/2016; CIIC 95/2018).

Conflicts of Interest: The author declares no conflict of interest.



J. Fungi 2018, 4, 116 3 of 4

References

1. Lopes-Bezerra, L.M.; Mora-Montes, H.M.; Zhang, Y.; Nino-Vega, G.; Rodrigues, A.M.; de Camargo, Z.P.;
de Hoog, S. Sporotrichosis between 1898 and 2017: The evolution of knowledge on a changeable disease and
on emerging etiological agents. Med. Mycol. 2018, 56, S126–S143. [CrossRef] [PubMed]

2. Brown, G.D.; Denning, D.W.; Gow, N.A.; Levitz, S.M.; Netea, M.G.; White, T.C. Hidden killers: Human fungal
infections. Sci. Transl. Med. 2012, 4, 165. [CrossRef] [PubMed]

3. López-Romero, E.; Reyes-Montes, M.D.R.; Pérez-Torres, A.; Ruiz-Baca, E.; Villagómez-Castro, J.C.;
Mora-Montes, H.M.; Toriello, C. Sporothrix schenckii complex and sporotrichosis, an emerging health problem.
Future Microbiol. 2011, 6, 85–102. [CrossRef] [PubMed]

4. Mora-Montes, H.M.; Dantas, A.D.S.; Trujillo-Esquivel, E.; de Souza Baptista, A.R.; Lopes-Bezerra, L.M.
Current progress in the biology of members of the Sporothrix schenckii complex following the genomic era.
FEMS Yeast Res. 2015, 15. [CrossRef] [PubMed]

5. Chakrabarti, A.; Bonifaz, A.; Gutierrez-Galhardo, M.C.; Mochizuki, T.; Li, S. Global epidemiology of
sporotrichosis. Med. Mycol. 2015, 53, 3–14. [CrossRef] [PubMed]

6. De Beer, Z.W.; Duong, T.A.; Wingfield, M.J. The divorce of Sporothrix and Ophiostoma: Solution to a
problematic relationship. Stud. Mycol. 2016, 83, 165–191. [CrossRef] [PubMed]

7. Rojas, O.C.; Bonifaz, A.; Campos, C.; Treviño-Rangel, R.J.; González-Álvarez, R.; González, G.M. Molecular
Identification, Antifungal Susceptibility, and Geographic Origin of Clinical Strains of Sporothrix schenckii
Complex in Mexico. J. Fungi 2018, 4, 86. [CrossRef] [PubMed]

8. Conceição-Silva, F.; Morgado, F.N. Immunopathogenesis of Human Sporotrichosis: What We Already Know.
J. Fungi 2018, 4, 89. [CrossRef] [PubMed]

9. Tirado-Sánchez, A.; Bonifaz, A. Nodular Lymphangitis (Sporotrichoid Lymphocutaneous Infections).
Clues to Differential Diagnosis. J. Fungi 2018, 4, 56. [CrossRef] [PubMed]

10. Arenas, R.; Sánchez-Cardenas, C.D.; Ramirez-Hobak, L.; Ruíz Arriaga, L.F.; Vega Memije, M.E. Sporotrichosis:
From KOH to Molecular Biology. J. Fungi 2018, 4, 62. [CrossRef] [PubMed]

11. Bonifaz, A.; Toriello, C.; Araiza, J.; Ramírez-Soto, M.C.; Tirado-Sánchez, A. Sporotrichin Skin Test for the
Diagnosis of Sporotrichosis. J. Fungi 2018, 4, 55. [CrossRef] [PubMed]

12. Sanchotene, K.O.; Madrid, I.M.; Klafke, G.B.; Bergamashi, M.; Terra, P.P.D.; Rodrigues, A.M.; Xavier, M.O.
Sporothrix brasiliensis outbreaks and the rapid emergence of feline sporotrichosis. Mycoses 2015, 58, 652–658.
[CrossRef] [PubMed]

13. De Miranda, L.H.M.; Silva, J.N.; Gremião, I.D.F.; Menezes, R.C.; Almeida-Paes, R.; dos Reis, É.G.;
de Oliveira, R.V.C.; de Araujo, D.S.A.; Ferreiro, L.; Pereira, S.A. Monitoring Fungal Burden and Viability of
Sporothrix spp. in Skin Lesions of Cats for Predicting Antifungal Treatment Response. J. Fungi 2018, 4, 92.
[CrossRef] [PubMed]

14. Ramírez-Soto, M.C.; Aguilar-Ancori, E.G.; Tirado-Sánchez, A.; Bonifaz, A. Ecological Determinants of
Sporotrichosis Etiological Agents. J. Fungi 2018, 4, 95. [CrossRef] [PubMed]

15. Batista-Duharte, A.; Téllez-Martínez, D.; Aparecida Jellmayer, J.; Leandro Portuondo Fuentes, D.;
Campos Polesi, M.; Martins Baviera, A.; Zeppone Carlos, I. Repeated Exposition to Mercury (II) Chloride
Enhances Susceptibility to S. schenckii sensu stricto Infection in Mice. J. Fungi 2018, 4, 64. [CrossRef] [PubMed]

16. García Carnero, L.C.; Lozoya Pérez, N.E.; González Hernández, S.E.; Martínez Álvarez, J.A. Immunity and
Treatment of Sporotrichosis. J. Fungi 2018, 4, 100. [CrossRef] [PubMed]

17. Nascimento, R.C.; Espíndola, N.M.; Castro, R.A.; Teixeira, P.A.; Loureiro y Penha, C.V.; Lopes-Bezerra, L.M.;
Almeida, S.R. Passive immunization with monoclonal antibody against a 70-kDa putative adhesin of
Sporothrix schenckii induces protection in murine sporotrichosis. Eur. J. Immunol. 2008, 38, 3080–3089.
[CrossRef] [PubMed]

18. De Lima Franco, D.; Nascimento, R.C.; Ferreira, K.S.; Almeida, S.R.D. Antibodies Against Sporothrix schenckii
Enhance TNF-α Production and Killing by Macrophages. Scand. J. Immunol. 2012, 75, 142–146. [CrossRef]
[PubMed]

19. Almeida, S.R. Therapeutic monoclonal antibody for sporotrichosis. Front Microbiol. 2012, 3, 409. [CrossRef]
[PubMed]

http://dx.doi.org/10.1093/mmy/myx103
http://www.ncbi.nlm.nih.gov/pubmed/29538731
http://dx.doi.org/10.1126/scitranslmed.3004404
http://www.ncbi.nlm.nih.gov/pubmed/23253612
http://dx.doi.org/10.2217/fmb.10.157
http://www.ncbi.nlm.nih.gov/pubmed/21162638
http://dx.doi.org/10.1093/femsyr/fov065
http://www.ncbi.nlm.nih.gov/pubmed/26260509
http://dx.doi.org/10.1093/mmy/myu062
http://www.ncbi.nlm.nih.gov/pubmed/25526781
http://dx.doi.org/10.1016/j.simyco.2016.07.001
http://www.ncbi.nlm.nih.gov/pubmed/27616802
http://dx.doi.org/10.3390/jof4030086
http://www.ncbi.nlm.nih.gov/pubmed/30036959
http://dx.doi.org/10.3390/jof4030089
http://www.ncbi.nlm.nih.gov/pubmed/30065160
http://dx.doi.org/10.3390/jof4020056
http://www.ncbi.nlm.nih.gov/pubmed/29747448
http://dx.doi.org/10.3390/jof4020062
http://www.ncbi.nlm.nih.gov/pubmed/29882883
http://dx.doi.org/10.3390/jof4020055
http://www.ncbi.nlm.nih.gov/pubmed/29747377
http://dx.doi.org/10.1111/myc.12414
http://www.ncbi.nlm.nih.gov/pubmed/26404561
http://dx.doi.org/10.3390/jof4030092
http://www.ncbi.nlm.nih.gov/pubmed/30087237
http://dx.doi.org/10.3390/jof4030095
http://www.ncbi.nlm.nih.gov/pubmed/30103554
http://dx.doi.org/10.3390/jof4020064
http://www.ncbi.nlm.nih.gov/pubmed/29799450
http://dx.doi.org/10.3390/jof4030100
http://www.ncbi.nlm.nih.gov/pubmed/30127270
http://dx.doi.org/10.1002/eji.200838513
http://www.ncbi.nlm.nih.gov/pubmed/18991286
http://dx.doi.org/10.1111/j.1365-3083.2011.02636.x
http://www.ncbi.nlm.nih.gov/pubmed/21923739
http://dx.doi.org/10.3389/fmicb.2012.00409
http://www.ncbi.nlm.nih.gov/pubmed/23226146


J. Fungi 2018, 4, 116 4 of 4

20. De Almeida, J.R.F.; Kaihami, G.H.; Jannuzzi, G.P.; de Almeida, S.R. Therapeutic vaccine using a monoclonal
antibody against a 70-kDa glycoprotein in mice infected with highly virulent Sporothrix schenckii and
Sporothrix brasiliensis. Med. Mycol. 2015, 53, 42–50. [CrossRef] [PubMed]

21. Medici, N.P.; Del Poeta, M. New insights on the development of fungal vaccines: From immunity to recent
challenges. Mem. Inst. Oswaldo Cruz. 2015, 110, 966–973. [CrossRef] [PubMed]

22. Chen, F.; Jiang, R.; Wang, Y.; Zhu, M.; Zhang, X.; Dong, S.; Wang, L. Recombinant phage elicits protective
immune response against systemic S. globosa infection in mouse model. Sci. Rep. 2017, 7, 42024. [CrossRef]
[PubMed]

23. Almeida, J.R.F.; Jannuzzi, G.P.; Kaihami, G.H.; Breda, L.C.D.; Ferreira, K.S.; Almeida, S.R. An immunoproteomic
approach revealing peptides from Sporothrix brasiliensis that induce a cellular immune response in subcutaneous
sporotrichosis. Sci. Rep. 2018, 8, 4192. [CrossRef] [PubMed]

24. Portuondo, D.L.; Batista-Duharte, A.; Ferreira, L.S.; Martínez, D.T.; Polesi, M.C.; Duarte, R.A.; Carlos, I.Z.
A cell wall protein-based vaccine candidate induce protective immune response against Sporothrix schenckii
infection. Immunobiology 2016, 221, 300–309. [CrossRef] [PubMed]

25. Quinello, C.; Souza Ferreira, L.; Picolli, I.; Loesch, M.L.; Portuondo, D.L.; Batista-Duharte, A.;
Zeppone Carlos, I. Sporothrix schenckii Cell Wall Proteins-Stimulated BMDCs Are Able to Induce a Th1-Prone
Cytokine Profile In Vitro. J. Fungi 2018, 4, 106. [CrossRef] [PubMed]

© 2018 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1093/mmy/myu049
http://www.ncbi.nlm.nih.gov/pubmed/25533623
http://dx.doi.org/10.1590/0074-02760150335
http://www.ncbi.nlm.nih.gov/pubmed/26602871
http://dx.doi.org/10.1038/srep42024
http://www.ncbi.nlm.nih.gov/pubmed/28165018
http://dx.doi.org/10.1038/s41598-018-22709-8
http://www.ncbi.nlm.nih.gov/pubmed/29520092
http://dx.doi.org/10.1016/j.imbio.2015.10.005
http://www.ncbi.nlm.nih.gov/pubmed/26547105
http://dx.doi.org/10.3390/jof4030106
http://www.ncbi.nlm.nih.gov/pubmed/30200530
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

