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RESUMO

RODRIGUES, A. M. Patégenos emergentes no género Sporothrix e a evolugao global
da patogenicidade. 2015. 132 f. Tese (Doutorado) — Universidade Federal de Sao Paulo,
Séo Paulo, 2015.

O género Sporothrix esta frequentemente associado a infecgdo em mamiferos e inclui diferentes
espécies, i.e.. S. brasiliensis, S. schenckii, S. globosa e S. luriei, as quais formam um grupo
monofilético denominado complexo S. schenckii. A infec¢ao primaria na esporotricose é causada por
inoculacdo traumatica do Sporothrix nos tecidos cutaneos e subcutaneos do hospedeiro com
disseminacéo linfocutanea regional e raramente sistémica. A esporotricose € uma doenga emergente
devido ao crescente contato entre humanos e felinos com perspectivas de expansédo do seu dominio
geografico, gama de hospedeiros e alta viruléncia para os mamiferos. Um grande surto zoonético
ocorre no Brasil e é dificil estimar a magnitude real desta epidemia (Capitulo 1). Neste estudo,
investigamos a emergéncia da esporotricose no Brasil sobre diversas perspectivas incluindo o cenario
epidemioldgico, o diagndstico molecular e sorolégico e a influéncia da relagédo parasito-hospedeiro-
ambiente na evolugdo da esporotricose. As diferengas em relagdo a frequéncia e distribuigao
geografica de isolados brasileiros de Sporothrix estdo associadas a diversidade genética do patégeno
(Capitulos 2-9). A alta prevaléncia de S. brasiliensis (~99%) em surtos de esporotricose felina revelou
uma estrutura populacional clonal e indicou que a associagao S. brasiliensis-gato é necessaria para a
emergéncia do patdégeno entre seres humanos (Capitulos 3-5). Em contrapartida, S. schenckii e S.
globosa dificilmente estdo associados a infecgao felina e sdo cosmopolitas com distribuigao
transoceénica. Andlises de genética de populacdes indicam alta diversidade em S. schenckii,
contribuindo para a evolugédo entre gendtipos divergentes. A distribuicdo dos mating types (MAT)
entre os idiomorfos MAT1-1: MAT1-2 é consistente com a existéncia de reproducdo sexuada
ocasional em S. schenckii e uma estrutura populacional clonal em S. brasiliensis (Capitulo 7). As
diferengas genéticas globais entre os Sporothrix refletem respostas diferenciais aos principais
agentes antifungicos. Neste cenario, S. schenckii apresentou uma diversidade intraespecifica maior
entre os perfis de suscetibilidades in vifro ao itraconazol, posaconazol e anfotericina B quando
comparado ao S. brasiliensis (Capitulo 8). E discutida a influéncia da interacdo parasito-hospedeiro-
ambiente sobre a estrutura populacional, as vias de transmissbes e os perfis de sensibilidades aos
principais antifingicos utilizados na terapia da esporotricose (Capitulos 2—10). Uma vez que os limites
moleculares entre os Sporothrix estdo estabelecidos, desenvolvemos e validamos marcadores
genéticos altamente especificos e sensiveis para o diagnéstico molecular rapido e barato da
esporotricose utilizando a PCR-RFLP (Capitulo 11), a PCR espécie-especifica (Capitulo 12) e a
amplificagdo isotérmica em circulo rolante (RCA) (Capitulo 13). Usando a PCR espécie-especifica e a
RCA, o diagnéstico direto da esporotricose em mamiferos e a deteccdo especifica do DNA do
patdgeno tornaram-se possiveis, assim como tais métodos tém possiveis aplicagbes na detecgdo de
Sporothrix a partir de amostras ambientais, passos importantes para estudos epidemiolégicos.
Quanto ao diagnéstico sorologico aplicamos uma abordagem imunoprotedmica com o intuito de
compreender a resposta imune humoral e explorar potenciais antigenos diagndsticos e alvos vacinais.

Por meio da eletroforese bidimensional, imunoblot e espectrometria de massas identificamos pela
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primeira vez o antigeno majoritario da esporotricose humana e felina como 3-carboximuconato ciclase
(Capitulos 14 e 15). A reposta humoral (IgG) em seres humanos e em felinos sdo semelhantes e os
antigenos de S. brasiliensis e S. schenckii apresentam alta reatividade cruzada. O ensaio de ELISA,
independente da preparacdo antigénica (S. brasiliensis ou S. schenckii) apresentou alto potencial
para o diagnéstico precoce e especifico da esporotricose em gatos (Capitulo 15). Nossos resultados
indicaram uma resposta imune humoral convergente contra as espécies do clado clinico e destacam
a molécula 3-carboximucontato ciclase como um antigeno importante para o diagnéstico sorologico
assim como um alvo potencial para o desenvolvimento de uma vacina terapéutica. Combinando
epidemiologia (Capitulos 2—-10), poderosos métodos moleculares na identificacdo de espécies de
Sporothrix (Capitulos 11-13) com uma avaliagdo global da resposta imune do hospedeiro (Capitulos
14 e 15) fornecemos uma nova compreensdo das associagdes entre agentes etioldgicos especificos,
da resposta imune humoral dos hospedeiros assim como antigenos soro reativos e das
manifestagbes clinicas da doenga, que podem ajudar a combater futuros surtos. Em conclusdo, a
analise conjunta dos dados compilados neste trabalho contribuiu para o entendimento dos

mecanismos de evolugao da patogenicidade e expansao das epidemias flngicas.



ABSTRACT

RODRIGUES, A. M. Emerging pathogens in the genus Sporothrix and the global
evolution of pathogenicity. 2015. 132 p. Thesis (Ph.D.) — Federal University of Sao Paulo,
S&o Paulo, 2015."

The genus Sporothrix is often associated with mammal infections and includes different species, i.e: S.
brasiliensis, S. schenckii, S. globosa, and S. luriei, which together form a monophyletic group known
as S. schenckii complex. Primary infections of sporotrichosis are caused by traumatic inoculation of
Sporothrix propagules into the cutaneous and subcutaneous tissues of the host with regional
lymphocutaneous spread and rarely systemic involvement. Sporotrichosis is an emerging disease due
to increased contacts between humans and cats with prospects of its expansion in biogeographical
domains, host range, and high virulence for mammals. A large zoonotic outbreak is happening in
Brazil and it is difficult to estimate the real magnitude of this epidemic (Chapter 1). In this study, we
investigated the emergence of sporotrichosis in Brazil considering various perspectives, including the
epidemiological scenario, the molecular and serological diagnosis, and the pathogen—host—
environment influence on the evolution of sporotrichosis. The differences in frequency and geographic
distribution of Brazilian Sporothrix isolates were associated with the genetic diversity of pathogenic
strains (Chapters 2-9). The high prevalence of S. brasiliensis (~99%) in feline sporotrichosis
outbreaks revealed a clonal population structure and indicated that the S. brasiliensis-cat association
is necessary for the emergence of this pathogen among humans (Chapters 3-5). In contrast, S.
schenckii and S. globosa are rarely associated with feline infection and are cosmopolitan with
transoceanic distribution. Population genetics analyzes indicated a high diversity in S. schenckii,
contributing to the evolution among its different genotypes. The distribution pattern of mating types
(MAT) idiomorphs MAT1-1: MAT1-2 was consistent with the existence of casual sexual reproduction in
S. schenckii and a clonal population structure in S. brasiliensis (Chapter 7). The overall genetic
differences among Sporothrix species was reflected in their different responses to the main antifungal
agents. In this scenario, S. schenckii had a greater intraspecific diversity in its in vitro susceptibility
profiles with itraconazole, posaconazole, and amphotericin B compared to S. brasiliensis (Chapter 8).
The influences of the pathogen—host—environment interplay on the population structure, transmission
pathways, and sensitivity profiles to the main antifungals used in the therapy of sporotrichosis were
discussed (Chapters 2—10). Once the molecular boundaries among Sporothrix accomplished, we
developed and validated highly specific and sensitive genetic markers for rapid and low-cost molecular
diagnosis of sporotrichosis using PCR-RFLP (Chapter 11), species-specific PCR (Chapter 12), and
rolling circle amplification (RCA) (Chapter 13). Using species-specific PCR and RCA, direct diagnosis
of sporotrichosis in mammals and specific detection of pathogen DNA became possible, as well,
these methods have possible applications in detecting Sporothrix strains from environmental samples,
important steps towards epidemiological studies. Regarding the serological diagnosis, we applied an
immunoproteomics approach in order to understand the humoral immune response and to explore for
potential antigens as diagnostic tools and vaccine targets. Using two-dimensional electrophoresis,

immunoblotting, and mass spectrometry, for the first time we identified the major antigen of human
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and feline sporotrichosis as 3-carboxymuconate cyclase (Chapters 14 and 15). The humoral
responses (IgG) in humans and in cats are similar and S. brasiliensis and S. schenckii antigens
exhibited high cross reactivity. The ELISA assay, regardless of the antigenic preparation (S.
brasiliensis or S. schenckii) showed high potential for early and specific diagnosis of sporotrichosis in
cats (Chapter 15). Our results indicated a convergent humoral immune response against species
embedded in the clinical clade and highlighted 3-carboxymuconate cyclase as an important antigen for
the serological diagnosis as well as a potential target for the development of a therapeutic vaccine.
Combining epidemiology (Chapters 2-10), powerful molecular methods in identifying Sporothrix
species (Chapters 11-13) with a comprehensive assessment of the host immune response (Chapters
14 and 15) we provided a new understanding of the associations between specific causative agents,
the host immune response as well as seroreactive antigens, and the clinical manifestations of the
disease, what may help to tackle future outbreaks. In conclusion, the overall analysis of data
presented here contributed to our understanding of the mechanisms of evolution and expansion of

epidemics driven by fungal pathogens.
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Figura 2. Dimorfismo térmico em isolados de Sporothrix spp. A temperatura ambiente (25°C)
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da publicagdo do genoma. Seta: Inicio da pandemia de AIDS em seres humanos. Periodo em
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Figura 3. O ciclo do diagnéstico. O ciclo é centrado ao redor do paciente, onde as informacdes
clinicas e todo o trabalho laboratorial direciona o tratamento especifico do paciente. Adaptado a
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brasiliensis [16] combined with high population densities of felines in urban areas [13-15]. In
addition, virulence of S. brasiliensis is higher than that of other Sporothrix species. Epidemics
driven by different routes of transmission and agents with deviating virulence [22, 23] and
with differential susceptibility to antifungals [44, 45] makes diagnosis and identification of
Sporothrix species mandatory to guide public health policies and adjust antifungal therapy [3,
4, 36]. Currently, two rapid assays are available to detect Sporothrix DNA directly from the
lesions and identify the agent with high sensitivity and specificity including rolling circle
amplification [46] and species-specific PCR [47]. Serological assays such as ELISA and
immunoblot based on antigen preparations from whole Sporothrix extracts or from crude
exoantigen protein mixtures can detect predominantly antibodies to 3-carboxymuconate
cyclase (gp60 and gp70) and may aid feline and human diagnosis [36, 48, 49] as well as
patients follow-up [4, 50]. Improvements in early diagnosis and surveillance systems may
facilitate rapid identification and control of future outbreaks among cats and humans. In the
classical route (sapronoses), removals of foci in nature are needed to tackle an outbreak.
Strategies to control the alternative route of transmission via felines are much more difficult
[15]. Education of population about cat maintenance and Sporothrix transmission, as well as
animal sterilization, and improvement of early diagnosis, treatment, prophylaxis are needed,
as well as development of campaigns to avoid random abandoning of diseased animals and

cadavers by their owners.
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