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RESUMO

Introducdo: Fusariose € uma micose causada por um fungo filamentoso hialino cosmopolita
gue acomete pacientes imunocompetentes e imunodeprimidos, principalmente com neoplasias
hematologicas. Atualmente existe uma preocupacdo em estabelecer epidemiologia dessa
doenca, assim como a diversidade molecular das espécies de Fusarium e do seu perfil de
susceptibilidade.

Objetivo: Caracterizar os aspectos epidemioldgicos, da diversidade genética e do perfil de
susceptibilidade do género Fusarium nas trés diferentes formas clinicas de fusariose:
onicomicose, ceratite, e fusariose invasiva.

Meétodos: Foi realizado um estudo observacional, prospectivo e retrospectivo, em trés
diferentes formas clinicas de fusariose. Os dados epidemioldgicos foram coletados a partir dos
prontudrios dos pacientes, e registrados em planilhas do Excel. A analise estatistica dos dados
quantitativos foi realizada pelo software SPSS Statistics, assim como os dados qualitativos da
analise descritiva. A identificacdo fenotipica foi realizada pelo método classico e a identificacdo
molecular foi realizada através do sequenciamento dos genes: espacador transcrito interno (ITS)
do DNA ribossomal, do fator de elongacdo 1-alfa (EF1-a) e da subunidade Il do RNA
polimerase (RPB2). O teste de sensibilidade foi realizado com antifungicos anfotericina-B,
natamicina, terbinafina, fluconazol, itraconazol, voriconazol pelo método de microdiluicdo em
caldo, conforme o protocolo Clinical & Laboratory Standards Institute (CLSI) M38-A2. A
relacdo filogenética e a identificacdo das espécies de Fusarium foram definidas principalmente
pelo software MEGA 7.0 e pelo sistema Multilocus Sequence Typing (MLST).

Resultados: O perfil dos pacientes variou nas trés diferentes formas clinicas de fusariose,
predominando o sexo feminino nos casos de onicomicose, masculino nos casos de ceratite, e de
maneira igualitaria nos casos de fusariose invasiva. A faixa etaria também variou predominando
a populacédo adulta nas micoses localizadas, ceratite e onicomicose (22-74 anos), enquanto na
fusariose invasiva ocorreu uma variagdo maior na faixa etéria (2-73 anos). Na fusariose invasiva
foi observada uma taxa de mortalidade de 40,7% e foram acometidos principalmente o0s
pacientes com leucemia aguda (51,85%). Nesses pacientes, predominaram os isolados
coletados de amostras do trato respiratorio (40,7%), do tecido cutaneo (29%) e do sangue
(19%). As espécies dos complexos Fusarium solani (FSSC) e F. oxysporum (FOSC)
predominaram nas trés formas clinicas de fusarioses, enquanto que, particularmente na ceratite,
foram identificadas espécies do complexo do F. chlamydosporum e do complexo F. fujikuroi.

A espécie mais prevalente foi F. solani nos isolados dos pacientes com ceratite e fusariose



invasiva, enquanto na onicomicose foi F. keratoplasticum. A variabilidade observada no perfil
de susceptibilidade do F. solani para anfotericina-B (AMB; 1-16 pug/ml) foi semelhante nas trés
formas clinicas das fusarioses. Os isolados de onicomicose e de ceratite foram menos sensiveis
ao voriconazol (VRC) que os isolados de fusariose invasiva. A maioria dos isolados das trés
formas clinicas apresentou resisténcia in vitro para fluconazol e itraconazol. Na ceratite, 0s
isolados apresentaram um excelente perfil de sensibilidade para natamicina, sendo que na
fusariose invasiva, AMB e VRC apresentaram 0s menores valores de concentracao inibitoria
minima no teste de susceptibilidade in vitro.

Conclusao: A fusariose invasiva acometeu pacientes imunodeprimidos, principalmente com
leucemia aguda, apresentando uma incidéncia de 14,8 em leucemia linfoide aguda e 13,1 casos
em leucemia mieloide em cada 1.000 pacientes no periodo de 2008-2017. Também foi
descoberta uma nova espécie de Fusarium agente de rinossinusite, nomeada de F.
riograndense. As fusarioses localizadas ocorreram principalmente em pacientes
imunocompetentes, apresentando uma maior variabilidade dos complexos de Fusarium nos
casos de ceratite e uma incidéncia de 57.47 casos por 1.000 casos diagnosticados com Ulcera
cornea no periodo de 2008-2017. Outro achado raro foi a descricdo da espécie Lasiodiplodia
theobromae agente de Ceratite e Neocosmospora rubicola agente de onicomicose (Primeiro
caso). As técnicas moleculares além de aprimorarem o diagnéstico das fusarioses podem
possibilitar a descoberta de novas espécies ou a descricdo de casos raros de infecdo,
contribuindo para epidemiologia e consequentemente no planejamento dos recursos financeiros
para atender a real necessidade tanto de tratamento quanto de prevencdo. Sendo fundamental
alinhar a técnica do perfil de susceptibilidade, a fim de evitar mecanismos de selecdo e de
resisténcia dentro das espécies de fungos e ainda direcionar o tratamento mais adequado, e dessa

forma contribuir economicamente com 0s escassos recursos destinados aos servigos de saude.

Palavras-chave: Complexo de espécies do Fusarium, EFl-a, Epidemiologia Molecular,
Fusariose, Identificacdo Molecular, ITS, Perfil de Susceptibilidade, RPB2.



ABSTRACT

Introduction: Fusariosis is a mycosis caused by a cosmopolitan hyaline filamentous fungus
that affects immunocompetent and immunosuppressed patients, mainly with haematological
malignancies. Currently, there is a concern to establish the epidemiology of this disease, as well

as the molecular diversity of Fusarium species and their susceptibility profile.

Objective: To characterize the epidemiological aspects, genetic diversity and susceptibility
profile of the genus Fusarium in the three different clinical forms of fusariosis: onychomycosis,

keratitis, and invasive fusariosis.

Methods: An observational, prospective and retrospective study was conducted in three
different types of fusariosis. Epidemiological data were collected from medical records and
recorded in Excel spreadsheets. Statistical analysis of the quantitative data was performed by
the SPSS Statistics software, as well as the qualitative data of the descriptive analysis. The
phenotypic identification was performed by the classical method and the molecular method was
performed by sequencing the genes: internal transcribed spacer (ITS) of ribosomal DNA,
translation elongation factor la (EF1-a) and a portion of the RNA polymerase II subunit
(RPB2). The antifungal sensitivity test was performed by the broth microdilution method,
according to the Clinical & Laboratory Standards Institute (CLSI) protocol M38-A2. The
phylogenetic relationship and the identification of Fusarium species were defined mainly by
the MEGA 7.0 software and by the Multilocus Sequence Typing (MLST) system.

Results: The profile of the patients varied in the three different clinical forms of fusariosis,
predominantly females in cases of onychomycosis, male in cases of keratitis, and equally in
cases of invasive fusariosis (IF). The age range also varied, with the adult population
predominating in the localized mycoses, keratitis and onychomycosis (22-74 years), whereas
in the case of invasive fusariose there was a greater variation in the age group (2-73 years). In
invasive fusariosis, a mortality rate of 40.7% was observed and the patients with acute leukemia
(51.85%) were affected. In these patients, the isolates collected from samples of the respiratory
tract (40.7%), cutaneous tissue (29%) and blood (19%) predominated. Fusarium solani species
complex (FSSC) and F. oxysporum species complex (FOSC) predominated in the three clinical
forms of fusariosis, while in the keratitis, species of the F. chlamydosporum complex and F.
fujikuroi complex were identified. The most prevalent species was F. solani in the isolates of
patients with keratitis and invasive fusariosis, while in onychomycosis it was F.

keratoplasticum. The susceptibility profile of F. solani to amphotericin-B (AMB: 1-16 pg/ml)



was similar in the three clinical forms of fusariosis. Isolates of onychomycosis and keratitis
were less sensitive to voriconazole (VRC) than invasive fusariosis isolates. Most isolates from
the three clinical forms showed in vitro resistance to fluconazole and itraconazole. In the
keratitis, the isolates showed an excellent sensitivity profile for natamycin, and in the invasive
fusariosis, AMB and VRC had the lowest values of minimum inhibitory concentration in the in
vitro susceptibility test.

Conclusion: Invasive fusariosis affected immunosuppressed patients, mainly with acute
leukemia, with an incidence of 14.8 in acute lymphocytic leukemia and 13.1 cases in myeloid
leukemia in every 1,000 patients in the period 2008-2017. Also discovered was a new species
of Fusarium agent of rhinosinusitis, named F. riograndense. Localized fusariosis occurred
mainly in immunocompetent patients, presenting a greater variability of Fusarium complexes
in cases of keratitis and an incidence of 57.47 cases per 1,000 cases diagnosed with corneal
ulcer in the period 2008-2017. Another rare finding was the description of the species
Lasiodiplodia theobromae agent of Ceratite and Neocosmospora rubicola agent of
onychomycosis (First case). Molecular techniques besides improving the diagnosis of
fusarioses may allow the discovery of new species or the description of rare cases of infection,
contributing to epidemiology and consequently in the planning of financial resources to meet
the real need for both treatment and prevention. It is fundamental to align the technique of the
susceptibility profile, in order to avoid selection and resistance mechanisms within fungi
species and also to direct the most appropriate treatment, thus contributing economically with

the scarce resources destined to health services.

Keywords: Fusarium species complex, EF1-a, Molecular Epidemiology, Fusariosis,
Molecular Identification, ITS, Susceptibility Profile, RPB2.
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1. INTRODUCAO

O avanco da medicina contribuiu para o aumento do nuamero de pacientes
imunocomprometidos, que reflete no crescimento de varios grupos de risco acometidos
por fungos oportunistas, tais como 0s pacientes transplantados, com doencgas autoimunes,
HIV positivo, sob regime de quimioterdpicos. Estima-se que a taxa de mortalidade

alcanca aproximadamente 90% em pacientes com neutropenia prolongada e grave [1].

O fungo filamentoso Fusarium sp. € um dos principais agentes de hialo-hifomicose, além
de ser um saprofita do solo e um frequente fitopatogeno [2]. Existe mais de 200 espécies
desse fungo, das quais 73 espécies foram isoladas de infec¢cdes em humanos [3]. O fungo
do género Fusarium sdo agentes de um amplo espectro de infecgdes, denominadas
fusarioses, acometendo pacientes imunodeprimidos, principalmente com neoplasias
hematoldgicas, e imunocompetentes globalmente [4]. Em pacientes imunocompetentes,
causa principalmente infecgfes localizadas como onicomicose e ceratite [5]. As
fusarioses, em geral, sdo dificeis de tratar em funcdo do alto grau de resisténcia das
diferentes espécies de Fusarium aos antifungicos [1,6-8], tornando primordial o ensaio
de susceptibilidade para escolha mais adequada na terapéutica.

A espécie de maior viruléncia descrita € o Fusarium solani pertencente ao
complexo de espécies de F. solani (FSSC) [9]. Outras espécies desse complexo, como F.
petroliphilum (por exemplo, FSSC 1-a) e F. keratoplasticum (por exemplo, FSSC 2-d),
sdo frequentemente encontradas no encanamento hidrico de hospitais [10]. Assim como
0s membros do complexo da espécie F. oxysporum (por exemplo, FOSC ST 33) [11],
tornando-se um importante problema nosocomial [12]. Dessa forma, a identificacdo dos
agentes envolvidos possibilita a geracdo do conhecimento a nivel clinico epidemioldgico.
Desse modo, a identificacdo das espécies de Fusarium e o teste de sensibilidade aos
antifangicos na rotina laboratorial sdo importantes para o manejo clinico dos pacientes

com as diferentes infec¢des por Fusarium.



2. REVISAO DA LITERATURA

Esta revisdo da literatura estd focada nos principais aspectos relacionados a
fusariose. Abordando os seguintes temas: Taxonomia e Evolucdo das espécies de
Fusarium; Identificacdo Molecular; Filogenia; Marcadores Moleculares; Perfil de
Susceptibilidade; Genes de Resisténcia; Defini¢cdo da doenca e Manifestacbes Clinicas;
Aspectos Epidemiologicos; Tratamento e Diagnostico. Essa estratégia de busca envolveu
as seguintes bases de dados: PubMed, Scopus, SCIELO e LILACS, com publicacdes até
maio de 2018. Foram realizadas as buscas nas bases de dados entre os dias 01 a 23 de
maio de 2018, através dos termos inseridos na tabela 1, na qual apresenta o esquema
utilizado, a partir da combinacdo das palavras-chaves, o nimero de artigos encontrados e
inseridos para cada tema.

Nessa revisdo nas bases de dados observou que nunca foi realizado um estudo
dessa magnitude no Rio Grande do Sul e que existem poucos estudos desse tipo no Brasil,
embora exista uma grande preocupacdo mundial e um crescente aumento global
relacionado a essa tematica de publicacdo cientifica. Dessa forma, a problematica do
nosso estudo envolve avaliar a incidéncia e a prevaléncia da fusariose regional, estudar o
perfil dos pacientes acometidos, conhecer a diversidade molecular das espécies de
Fusarium e relacionar os aspectos fenotipicos com os genotipicos, a fim de contribuir no

aprimoramento no diagnoéstico micoldgico.



Tabela 1: Esquema de busca com as palavras chaves nas bases de dados

Palavras-chaves Pubmed = Scopus Lilacs = Artigos
Inseridos
Fusariosis review (Gltimos 5 anos) 42 62 0 10
Fusariosis AND taxonomy 78 9 0 8
Fusariosis AND epidemiology 109 86 0 23
Fusariosis AND epidemiology AND Brazil 13 7 0 10
Fusariosis AND epidemiology AND South of Brazil 0 2 0 0
Fusariosis AND epidemiology AND antifungal 15 6 0 15
sensitivity
Fusariosis AND epidemiology AND treatment 10 2 0 10
AND antifungal sensitivity
Fusariosis AND clinical manifestation 6 42 0 20
Fusariosis AND molecular diagnosis 32 36 1 20
Fusariosis AND MLST 4 4 0 4
Fusariosis AND RPB2 AND EF-1a 7 8 0 8
Fusariosis AND Genotyping 5 5 0 5
Fusarium sp. nov. AND new species 33 30 0 11

2.1 Fusarium e Taxonomia

O género Fusarium é composto por uma grande variedade de espécies

fitopatogénicas e saprobias do solo. Sua posic¢ao taxondmica é definida atualmente como

pertencente ao Reino Fungi, Filo Ascomycota, Classe Sordariomycetes, Ordem

Hypocreales, Familia Nectriaceae, Género Fusarium [13].

Dentro do grande género Fusarium pertencem mais de 200 espécies, e pelo menos

sete complexos que compreendem multiplas especies causadoras de infeccbes em



humanos e em animais [14]. Desses principais complexos estdo: o complexo de espécies
do Fusarium solani (FSSC), o complexo de espécies do F. oxysporum (FOSC), o
complexo de espécies do F. incarnatum equiseti (FIESC), o complexo de espécies do
Giberella fujikuroi (GFSC), o complexo de espécies do Fusarium chlamydosporum
(FCSC) e o0 complexo de espécies do Fusarium dimerum (FDSC) [7].

A taxonomia do género Fusarium ao longo dos anos sofreu varias mudangas,
antigamente sua classificacdo a nivel de espécie era baseada apenas nos critérios
morfologicos e fisiologicos do fungo. Atualmente com utilizacdo de técnicas moleculares,
aliado a novos softwares e plataformas taxonémicas, uma nova compreensao da evolugédo
filogenética vem sendo estabelecida e em consequéncia a sua taxonomia [15].

As espécies do género Fusarium apresenta grande importancia econdmica, pois
sdo fitopatdgenos de ampla distribuicdo mundial, causando devastadoras perdas na
agricultura, como a podriddo em vegetais, na qual na maioria das vezes a preocupacao é
identificar a presenca de micotoxina no produto vegetal e quantifica-la, do que
propriamente identificar e espécie causadora de doenca. A caracteristica fundamental
para identificacdo desse género é a producdo de conidios multiseptados, em forma de

foice, com as extremidades afiladas [16].

A diferenciacdo na identificacdo dentro do género Fusarium é bastante complexa
e se baseia na morfologia dos macro e microconidios, fialides, conidioforos,
clamiddsporos e na disposi¢do dos conidios no conidiéforo, além das caracteristicas
macroscopicas de crescimento do seu micélio algodonoso-cotonoso e das suas diferentes
tonalidades, como producdo de pigmento, temperatura de crescimento, taxa de
crescimento e entre outras caracteristicas. Os microconidios podem ser unicelulares, com
uma grande variedade de forma, apresentando formato elipsoidal a esférico, e podem ser
encontrados agrupados ou de maneira isolada [17]. A taxonomia desse género é
extremamente complexa devido ao grande nimero de espécies que existem na natureza e
a sua complicada conidiogénese [7]. O reconhecimento é dificil, especialmente quando
ndo se produzem macroconidios, podendo ser confundidos com outras espécies,

como Acremonium, Cylindrocarpon ou Verticillium [16].



2.1.1 Evolucéo da Taxonomia do Fusarium

Em 1753, Linnaeus colocou todos os fungos no género Chaos. Somente depois de
quase dois séculos foram classificar as espécies do género Fusarium, em 1935, Wollenwe
& Reinking criaram uma nova classificacdo, a partir das diferencas morfologicas,
dividiram em 65 espécies, 55 variedades e 22 formas. Posteriormente, duas escolas de
taxonomistas de Fusarium se desenvolveram - os “divisores”, principalmente na Europa;
e os “lumpers” nos EUA, onde Snyder e Hansen reduziram o género a nove espécies em
1945. Essas nove espécies reconhecidas por Snyder e Hansen foram: F. oxysporum, F.
solani, F. moniliforme, F. roseum, F. lateritium, F. tricinctum, F. nivale, F. rigidiuscula
e F. episphaeria [17].

Outros sistemas taxonémicos foram propostos por Gerlach e Nirenberg (1982),
Raillo (1950), Bilai (1955), Joffe (1974), Snyder e Hansen (1940), Messiaen e Cassini
(1968), Matuo. (1972), Gordon (1952), Booth (1971) e Nelson et al. (1983). Atualmente
todos os sistemas modernos de taxonomia do Fusarium sdo baseados no trabalho de
Wollenweber e Reinking (1935) [18]. Em resumo, os taxonomistas de Fusarium podem

ser divididos em "splitters"”, "lumpers™ e "moderates”, como apresentado na Figura 1.

Wollenweber & Rdcisnhng_(l%S)
(SPE]'I‘I‘ERS)
Gerlach (1982)
CeTSPLITTERD

(S )
Raillo (1950) Gordon (1952) Srgrdu & Hansen (1940s)
Russia — 55 species Canada — 26 species USA — 9 species
Bilai (1955) Booth (1971) Messiaen & Cassini (1968)
Russia — 26 species England — 44 species France — 9 species
Joffe (1974) Nelson, Toussoun Matuo (1972)
Israel — 33 species & Marasas (1983) Japan — 10 species

USA — 30 species

(SPLITTERS) (MODERATES) ﬂ-L"M.LEIG]

Figura 1: Relacéo da evolugdo dos varios sistemas taxondmicos de Fusarium spp. (Fonte: Nelson, [18]).



2.1.2 Nomenclatura do Fusarium

A nomenclatura dos fungos é regida pelo Codigo Internacional de Nomenclatura
Botanica— CINB [19], sendo baseada na modalidade de propagacéo do esporo. Os fungos
compreendem um estagio sexual (telemorfo), e um ou mais estadios assexuais
(anamorfo); No entanto, o Fusarium sp. apresenta tanto a fase sexual, quanto assexual, o
que acarretou em uma nomenclatura micologica também dual. Dessa forma, diferentes
nomenclaturas foram inferidas para a mesma especie.

Espécies de Fusarium (anamorfo) tém sido associadas a diferentes nomenclaturas
telemorficas dos ascomicetos, como por exemplo, Gibberella, Nectria, Neocosmospora,
Haematonectria, Cyanonectria, Geejayessia e Albonectria. E anamdrficos de
fitoparasitas, tais como Bisfusarium e Rectifusarium, os quais foram recentemente
propostos, respectivamente, para membros do complexo F. dimerum (FDSC) e F.
ventricosum (FVSC) [19]. A grande problematica era que os dois nomes diferentes eram
utilizados em uma Unica espécie, ora para se referindo ao estagio anamorfo e ora se
referindo ao estagio telemorfo. No entanto, em 1° de janeiro de 2013, o CINB proibiu a
utilizacdo da nomenclatura dupla. Portanto, para fungos pleomorficos, ou seja, aqueles
que tém as fases assexuada e sexuada, apenas um nome deve ser escolhido. Em relacéo
ao género de Fusarium, os especialistas propuseram recentemente que seja reconhecida

apenas a nomenclatura anamérfica [7].

2.1.3 Nomenclatura formae speciales

A classificacdo formae speciales (f. sp) é denominada de acordo com hospedeiro
que parasitam; e a denomina¢do “racas’ estd baseadas na viruléncia. Essa classificacdo
dos taxons (grupos) é para distinguir as formas patogénicas de uma espécie particular,
que geralmente ndo séo distinguiveis morfologicamente. Ou seja, constituem um grupo
dentro das espécies distinguiveis e recebem o complemento no nome, estando esse
relacionado ao nome cientifico do hospedeiro. Essa classificagdo é muito comum para a
espeécie de F. oxysporum, como por exemplo, F. oxysporum f. sp. vasinfectum que parasita

o0 algodé&o; ou F. oxysporum f. sp. cubense que parasita a banana [17]. Também ocorre



dentro do FSSC, como F. solani f. sp. cucurbitae race 2, que infectam abdboras. A
designagdo da “f. sp” ndo € especifica de Fusarium, é também utilizada para outros fungos
fitopatogénicos.

Genealogias multigénicas revelaram que muitos formatos f. sp dentro do FOSC
sdo ndo-monofiléticos, ou seja, que ndo consiste exclusivamente numa espécie ancestral
comum e todos os seus descendentes. O agente etioldgico parasita da banana no Panama,
F. oxysporum f. sp., mostrou ter evoluido pelo menos cinco vezes independentes,

indicando que a patogenicidade para este hospedeiro evoluiu de forma convergente [20].

2.2 Caracteristicas Morfoldgicas

Fusarium é um fungo filamentoso hialino e que produz colbnia bastante
algodonosa, caracteriza-se pela producdo de conidios robustos, hialinos, septados e em
forma de canoa (conhecidas como macroconidios), que na maioria das espécies sao
produzidas em estruturas de frutificacdo chamadas esporoddquio. Além disso, algumas
espécies também produzem microconidios na por¢ao do micélio aéreo. Os clamiddsporos
também sdo produzidos por algumas espécies, seu formato e disposi¢do sdo importantes
para classificacdo da espécie. Outras caracteristicas fundamentais para distingdo
morfolégica entre as espécies de Fusarium sdo a descricdo dos aspectos macroscopicos
da coldnia, tais como o crescimento, textura, cor do micélio aéreo, tanto anverso, como
reverso; taxa de crescimento, formato do macroconidio e do esporoddquio, as dimensdes
dos macroconidios e a quantidade de septos, bem como o formato da célula basal e apical
[17].

2.2.1 Macroconidios

O macroconidio (esporo assexuado) é a célula principal para identificacdo da
espécie e geralmente tem formato de foice, podem ser retos e/ou finos. Em geral, possuem
uma curvatura dorsiventral ao longo de todo seu comprimento ou pelo menos em parte
do seu esporo (Figura 2). Esses esporos geralmente tém aproximadamente a mesma
largura em todo o seu comprimento. Nas extremidades, o lado dorsal (superior) é
distintamente mais curvo que o lado ventral (inferior), como pode ser observado na figura

2, geralmente o centro do macroconidio é mais largo do que as extremidades [21]. A


https://pt.wikipedia.org/wiki/Esp%C3%A9cie

regido apical da célula (&pice), corresponde a parte mais curva da célula, posicionada no
lado esquerdo da célula. Ao passo que, a por¢do basal da célula, seria o pé da célula, esta
localizado no lado direito da célula, sendo ambas para classificacdo a nivel de espécie
[21].

Na Figura 3 podem ser visualizadas as quatro formas existentes de células apicais,
denominadas de: forma de gancho (hooked), formato mamilo (nipple-like), arredondado
(blunt), e afunilado (conical). Células que sdo particularmente alongadas também podem
ter versdes distorcidas desses modelos para sua célula apical. Os caracteres diagndsticos

mais importantes sdo o grau de curvatura, o0 comprimento relativo e a forma geral.

Figura 2: Formato dos macroconidios de Fusarium spp. (Fonte: Seifert K., [21]).
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Figura 3: Formato da célula apical dos macroconidios de Fusarium spp. (Fonte: Seifert K., [21]).

A célula basal geralmente é a parte menos curvada no esporo. Existem também
quatro formas gerais: sem corte (not notched or blunt), papilada (papillate), em formato
de pé estendido (extended foot) e entalhado ou em forma de pé (notched or foot-shaped),

apresentadas na Figura 4.

18 o\l

notched or foot-
shaped

not notched

or blunt papillate extended foot

Figura 4: Formato basal dos macroconidios de Fusarium spp. (Fonte: Seifert K., [21]).

Muitos meios sdo utilizados para producdo e avaliacdo dos macroconidios, tais como
Synthetic Nutrient Agar (SNA, meio sintético), Carnation Leaf Agar (CLA, meio de agar
cravo) e Potato Dextrose Agar (PDA, meio de agar batata), os quais sdo utilizados para
avaliar o comprimento, formato, largura e curvatura, nimero de septos, formato das
células apicais e basais dos macroconidios. Outro ponto importante observado € o nimero

de septos e variacdo do numero médio de septos por esporo [17].
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2.2.2 Microconidio

O formato e o nimero de septos do microconidio deve ser observado.
Normalmente sdo arredondados ou elipticos e apresentam O ou 1 septos. Entretanto,
algumas espécies podem produzir conidios com dois septos. Deve-se determinar a média
do comprimento e da largura, assim como sua variacgao [17].

As formas mais comuns sdo: oval (A), reniforme (B), obovdide (C), globosa, isto é,
esférica (D), piriforme (E), napiforme, (F) e fusiforme, ou seja, em forma de fuso ou em

forma de charuto (Figura 5) [18].

0 (
] .0
0 C

Figura 5: Formato dos oconidios de Fusarium spp., imagem a esquerda. Imagens de microconidios ao lado

de um macroconidio, a direita (Fonte: autoria propria).

2.2.3. Fialides

Sdo células conidiogénicas dos fungos ascomicetes, também chamadas de
esterigmas, em forma de haste, as quais produzem conidios hialinos ou pigmentados,
globosos e algumas vezes rugosos. Micro-morfologicamente, as colonias apresentam

fidlides perpendiculares aos filamentos fungicos, de maneira isolada (monofialides) ou
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ramificada (polifialides) [22]. O comprimento e o formato do micro-conidiéforos, os
quais estdo localizados na por¢do terminal das fialides também s&o descritos como
essenciais para a classificagdo das espécies [17].

Monofialide é uma haste isolada com conidiéforo com apenas uma abertura ou
poro através do qual sdo expelidos os endoconidios, enquanto um polifialide possui duas
ou mais aberturas ou poros [21]. Na Figura abaixo pode se observar diferentes formatos
de monofialides (Figura 6, nas imagens 14-17) e de polifialides (Figura 6, nas imagens
18-21).
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Figura 6: Diferentes formatos de fidlides das espécies de Fusarium. Imagem no aumento de 970X:

Monofialides de varias espécies de Fusarium, 14 (F. poae), 15 (F. solani), 16 (F. moniliforme), 17 (F.
oxysporum). Polifialides: 18 (F. subglutinans), 19 (F. scirpi), 20 (F. proliferatum) [18]; (Fonte: Nelson,
[18]).
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2.2.4. Caracteristicas morfoldgicas do complexo de espécies do Fusarium solani

A morfologia dos macroconidios do FSSC sdo em formato de canoa, retos, de
estatura média ou robusta, frequentemente apresentam células basais e apicais bastante
arredondadas. Os microconidios sdo abundantes e na maioria elipsoidal, produzidos a
partir de monofialides longas, estdo localizados na porcao aérea do micélio, no exame
microscopico observam-se frequentemente falsas cabecas, ou seja, microconidios
dispostos em forma circular e amontoados. As células conidiogénicas estdo posicionadas
a partir de monofialides. Clamidosporos sdo produzidos frequentemente isolados ou em
pares, ocasionalmente em cadeias curtas com aparéncia globosa ou oval, podendo
apresentar paredes lisas ou &speras [21] (Figura 7). Esses geralmente sdo formados de
maneira abundante e rapida, geralmente dentro de 2-4 semanas no meio de cultura CLA.
Também podem se apresentar intercalados nas hifas ou em ramos laterais terminais e mais
curtos [17].

Geralmente as culturas em PDA sé&o brancas a creme com micélio esparso, embora
exista uma grande variacdo na coloracdo dentro deste complexo e seus esporodoquio
muitas vezes sdo produzidos em abundancia e pode ser creme, azul ou verde. Essa
estrutura é responsavel pela producdo de macroconidios. Também pode haver a

pigmentacdo do meio, tornando-o amarronzado ou avermelhado [23].

Figura 7: Estruturas flngicas do FSSC: sc=macroconidio, mc=microconidio, sp=esporodéquio,

chl=clamidésporo, mp=monofialide (Fonte: Seifert K., [21]/autoria prdpria).
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2.2.5.Caracteristicas morfoldgicas do complexo Fusarium oxysporum

Os macroconidios deste complexo sdo formados em esporoddquio de cor laranja
palido e geralmente abundante; possuem um comprimento relativamente curto, em
formato falciforme, quase reto, de paredes finas e geralmente com 3-septos. A célula
apical é curta e ligeiramente em formato de gancho em alguns isolados. A célula basal é
entalhada ou em forma de pé. Os macroconidios sdo originados a partir de monofialides
em conidiéforos ramificados em esporodéquio e, em menor extensdo a partir das
monofialides, continuacdo da hifa. Os microconidios geralmente apresentam 0-septos,
podem ser ovais, elipticos ou reniformes (forma de rim), e sdo formados de forma
abundante em falsas cabegas em monofialides curtos (Figura 8).

A morfologia de coldnia em PDA varia amplamente. O micélio pode ser flocoso,
esparso ou abundante e variando sua tonalidade do branco ao violeta. Em alguns isolados,
0s macroconidios sdo abundantes de cor laranja palido ou violeta-claro, produzidos em
uma massa central de esporos. Pequenos esclerddios, que sao estruturas de resisténcia, as
quais sdo formado macroscopicamente, semelhantes a goticulas, apresentando tonalidade
de marrom-palido, azul a azul-escuro ou violeta; podem ser produzidos abundantemente

por alguns isolados de F. oxysporum. A pigmentacdo do meio também pode ocorrer neste

complexo [17].

Figura 8: Estruturas fangicas do FOSC: sc=macroconidio, mc=microconidio, sp=esporoddquio,

chl=clamidésporo, mp=monofialide (Fonte: Seifert K., [21]/autoria prdpria).
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Os clamidosporos geralmente sdo produzidos isoladamente ou em pares. Esta
espécie € dividida em muitas formae especialis, que ndo podem ser distinguidos usando
critérios morfoldgicos. Essa espécie se distingue facilmente de F. solani no micélio aéreo
pelas fialides mais curtas [21], outras caracteristicas diferenciais estdo resumidas na

tabela 2.

Tabela 2: Caracteristicas fundamentais para diferenciacdo das espécies do complexo
F.solani (FSSC) e F. oxysporum (FOSC).

Macroconidio FSSC FOSC

Morfologia apical Arredondada. Conico e curvo, as vezes com um ligeiro
gancho.

Morfologia Basal Quase cilindrico, geralmente com uma Em forma de pé estendido.

extremidade entalhada ou arredondada.

Numero de septos 5a7 3

Microconidia

Forma Oval, eliptica, em forma de rim e Oval, eliptica ou em forma de rim.
fusiforme.

Septo 0 ou 1; ocasionalmente 2 septos. 0

2.3 Diagnostico Micologico Laboratorial

O diagnostico laboratorial é a partir da coleta do material clinico, que pode ser
secrecdo, aspirado de lavado brénquico alveolar, bidpsia de tecido, sangue, raspado da
cornea, swab nasal, liquido de ascite ou cavitario; raspados de unha e outros tipos de
amostras clinicas onde pode estar presente o fungo. A identificacdo classica é realizada a
partir da amostra clinica utilizando uma lamina para o exame direto a fresco e/ou corado;
e paralelamente parte do material clinico € reservado para a semeadura em meios de
cultura especificos para o crescimento de fungos, sendo geralmente semeado em dois

tubos de &gar Sabouraud inclinado, e cada um é mantido a uma temperatura de incubagéo
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para o crescimento (25 °C e 35 °C). Nas amostras de bidpsia, ainda €é realizada a
investigacdo histopatoldgica e/ou citopatologica, geralmente com o0s corantes
hematoxilina-eosina (HE), Grocott-Gomori e acido periddico de schiff (PAS) [24].

Muitas vezes o exame direto, que é a preditividade do diagndstico, apresenta-se
negativo, ou seja, ndo ha presenca de hifas hialinas septadas. Embora, cresca no tubo ou
em placa de agar semeado. Uma forma para ndo descartar que houve uma possivel
contaminacgdo, é investigar a historia clinica do paciente. Por isso, ¢ fundamental um
controle e treinamento dos profissionais, sendo decisiva a primeira fase da coleta de
amostra clinica no paciente, para que ndo ocorra variantes no diagnostico que resultem
em um falso positivo ou um falso negativo.

Nos casos de onicomicose, 0 exame micolégico direto positivo com a presenga de
hifas septadas irregulares de diametros retos e com clamidésporos é considerada preditora
de Fusarium sp. [25].

Os isolados de Fusarium sp. crescem com facilidade e rapidez na maioria dos
meios sem cicloheximida, sendo que em trés dias é possivel caracteriza-los
macroscopicamente pelo seu aspecto algodonoso e hialino. Embora, o género ou o
complexo possam ser identificados microscopicamente pelas caracteristicas da producéo
e do aspecto dos macroconidios hialinos em forma de banana com multiplos septos, a
identificacdo de espécie ainda é dificil e pode requerer métodos moleculares [14].

Outra possibilidade no diagndstico da fusariose € a deteccdo sérica ou plasmatica
de 1,3-p-D-glucano (BDG), que esta presente na constituicao da parede celular de fungos,
no entanto ndo consegue distinguir das outras espécies que causam fungemia (Candida,

Aspergillus, Trichosporon e outras) [9].

2.4 Diagnostico Molecular

A identificacdo pelas técnicas tradicionais a nivel de espécie do Fusarium é
trabalhosa e requer o profissional experiente na area. Nos Gltimos anos, procedimentos
moleculares de diagndstico, como sequenciamento de DNA, reacdo em cadeia da
polimerase (PCR), RFLP, nested PCR e PCR em tempo real, tornaram-se ferramentas
importantes na identificacdo dos fungos [26].

O género do Fusarium é cada vez mais significativo para a saide humana,

particularmente pelas elevadas taxas de mortalidade descritas na fusariose invasiva.


https://www.google.com.br/search?rlz=1C1AVNC_enBR568BR569&q=THE,+Grocott-Gomori,+PAS,+Mucicarmine&spell=1&sa=X&ved=0ahUKEwit-5WMsaPbAhXFj5AKHS68BzgQBQgkKAA
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Estudos taxonémicos moleculares tém focado na resolucao do relacionamento evolutivo
dentro dos complexos de espécies (clados) do Fusarium [27]. Bem como, o0 estudo dos
I6cus génicos para avaliar a evolugdo entre as espécies [28].

Varios locus génicos foram testados para avaliar a relacdo filogenética do
Fusarium spp., incluindo o DNA ribossémico (18S, 28S, ITS e IGS), DNA mitocondrial
(mtSSU e mtLSU) [20] e os genes codificadores de proteinas e de enzimas, como RNA
polimerase (RPB2), B-tubulina (BT2) e fator de alongamento 1-alfa (EF1-a) [27]. O gene
EF1-a foi eleito o “cddigo de barras” dentro do género Fusarium, pois tem alta utilidade
filogenética pelas seguintes razdes: (i) é altamente informativo a nivel da espécie; (ii)
possui copias ndo-ortdlogas do gene; e (iii) € alinhavel em todo o género Fusarium. Outro
forte candidato ao cddigo de barras do género é o gene codificador de proteina, tanto o
RPB1 quanto o RPB2 [28].

O género Fusarium inclui mais de 200 espécies, das quais 73 foram isoladas de
infeccbes em humanos, apresentando-se frequentemente como patdgenos oportunistas
com etiologia variavel. A identificacdo das espécies € otimizada quando realizada a
combinacdo de genes informativos de ancestralidade, os quais apresentam variedade
dentre as espécies (regides polimorficas), como o EF1-a, o RPB2 ¢/ou o gene parcial da
BT2. Os espacgadores transcritos internos (ITS) do RNAr tambem tém sido utilizados, no
entanto, o ITS ndo tem poder de discriminar entre varias espécies estreitamente
relacionadas e, ainda possui copias ndo-ortélogas. Recentemente foi demonstrado outros
dois locus génicos, como potenciais “cddigo de barras”para identificar precisamente a
nivel de espécie o Fusarium, o gene da topoisomerase | (TOP1) e fosfoglicerato quinase
(PGK) [3].

Atualmente o método molecular recomendado € o sequenciamento por Multilocus
Sequence Type (MLST), baseado EFl-o. ¢ no RPB2, sendo o mais fidedigno para
discriminar entre as espécies dos complexos do Fusarium [29]. Dessa forma, varias
espécies oportunistas tém sido descobertas, como é o caso do Fusarium temperatum, na
qual as analises filogenéticas mostraram pertencer ao complexo de espécies de Fusarium
fujikuroi [30]. Por conseguinte, é essencial a identificagdo molecular, pois além de
contribuir no aprimoramento do diagndstico, auxilia no conhecimento epidemioldgico de
cada regido. Na tabela 3 foram reunidos os genes que foram utilizados nas Gltimas duas
décadas para descrever novas espécies de Fusarium.

Muitos pesquisadores defendem que para ter uma terapia medicamentosa bem-

sucedida depende da identificagdo precisa do patdgeno ao nivel da espécie, tornando
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imprescindivel o uso de ferramentas moleculares para que isso ocorra de maneira

adequada [41]. Outra vantagem é possibilidade de revelacdo do envolvimento de novas

espécies fungicas.

Tabela 3: Marcadores moleculares para descricao de novas especie de Fusarium.

Espécie Nova Meio Marcador filogenético Autor/ano

Gibberella fugikuroi NI* BT2, mtSSUrDNA, ITS, O'Donnelletal. 1998 [20]
28S rDNA

Gibberella Konza CLA/PDA/ AFLP BT2. Zeller et al. 2003 [31]

SDA/SNA

F. commune PDA/SNA mtSSUrDNA Skovgaard et al. 2003 [32]

F. foetens PDA/SNA BT2, EF1-a, mtSSUrDNA Schroers et al. 2004 [33]

F. dimerum CLA/SNA BT2, EFl-o, LSUrDNA, O'Donnell et al. 2009 [34]
mtSSUrDNA, ITS

F. mexicanum PDA/SNA BT2, calmodulina, EFl-a, Colinaetal. 2010 [35]

F. temperatum
F. torreyae PDA/SNA

F. keratoplasticum e F. CLA/PDA

petroliphilum

F. secorum CLA/PDA

F. paranaense PDA/SNA

IGSrDNA, histona h3/
RAPD

AFLP BT2, EF1-a

RPB1, RPB2, EF1-a

MAT/RPB2, tDNA, EFla

BT2, calmodulina,
mMtSSUrDNA

RPB2, EFl-a

Scauflaire et al. 2011 [36]
Aoki et al. 2012 [37]

Short et al. 2013 [38]

Secor et al. 2014 [39]

Costa et al. 2015 [40]

NI*= Nao informado

Existe uma extensa gama de sites e de softwares para auxiliar na identificacdo dos

fungos (Tabela 4), cuja a bioinformatica € uma importante aliada. Assim, a facilidade do

acesso aos meios digitais favorece o aumento crescente dos dados consultados e

depositados, que séo alimentados constantemente e globalmente [15]
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Tabela 4: Bancos de dados e ferramentas para classificacdo e identificacdo baseada em

sequéncias moleculares.

BOLD
CBS-KNAW

Dryad

FUSARIUM-ID
GreenGenes

MaarjAM

Mothur

Naive Bayesian Classifier

Open Tree of Life

QIIME

RetSeq Targeted Loci

Ribosomal Database Project (RDP)
Silva

TreeBASE

TrichoBLAST

UNITE

BIOM
MIMARKS

Darwin Core

1000 Fungal Genomes Project (1KFG)
FungiDB
GEBA

MycoCosm

FUNGuild

General identification tools and data repositories

http:/ /www.boldsystems.org/

http:/ /www.cbs.knaw.nl/Collections,/BioloMICSSequences.
aspx—contains 30 BLASTn searchable databases

http://datadryad.org/

http:/ /isolate.fusariumdb.org/
http://greengenes.Ibl.gov/cgi-bin /nph-index.cgi
http://maarjam.botany.ut.ce,/

http:/ /www.mothur.org/

http:/ /aem.asm.org/content/73/16/5261.
short?rss=1&ssource=mfc

http://www.opentreeoflife.org/

http://qiime.org/

http:/ /www.ncbi.nlm.nih.gov/refseq/targetedloci/
https://rdp.cme.msu.edu/

http:/ /www.arb-silva.de/

https:/ /ireebase.org/
http://www.isth.info/tools/blast/

https:/ /unite.ut.ee/

Data standards

hitp:/ /biom-format.org/

http:/ /www.nature.com/nbt/journal /¥29,/n5/
full /nbt.1823.html

http://rs.tdwg.org/dwc/

http://1000.fungalgenomes.org/home /
hutp://fungidb.org/fungidb/
hitp://jgi.doe.gov/our-science/science-programs/
microbial-genomics/phylogenetic-diversity/
http://genome jgi.doe.gov/programs/fungi/index.jsf

Functional database

https://github.com/UMNFuN/FUNGuild

Nomenclature and nomenclatural databases and organizations

Catalogue of Life (COL)

Index Fungorum

International code of nomenclature for algae,

fungi, and plants (ICNAFP)

International Commission on the Taxonomy of Fungi (ICTF)
List of prokaryotic names with standing in nomenclature (LPSN)

MycoBank

Global Biodiversity Information Facility (GBIF)

iDigBio
MycoPortal

World Federation of Culture Collections (WFCC)

Encyclopedia of Life
Mushroom Observer

http:/ /www.catalogueotlife.org/
http://www.indexfungorum.org/

http://www.iapt-taxon.org/nomen,/main.php

http:/ /www.fungaltaxonomy.org/
http:/ /www.bacterio.net/
http:/ /www.mycobank.org/

Biodiversity collections databases

http:/ /www.gbif.org/

https:/ /www.idigbio.org/
http://mycoportal.org/portal/index.php
hutp://www.wicc.info/

Citizen science resources

http://eol.org/

hitp://mushroomobserver.org/

(Fonte: Hibbett et al.,[15])
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2.4.1 Multilocus Sequence Type (MLST)

Atualmente o padrdo-ouro para o diagndstico molecular é a técnica de Multilocus
Sequence Typing (MLST), a qual também ¢é aplicada para o entendimento da
biodiversidade e da evolugdo do fungo [42]. O MLST é um método altamente preciso
usado para distinguir entre isolados de espécies microbianas, e foi inicialmente
desenvolvido para facilitar os estudos de epidemiologia e organizar a estrutura
populacional de microrganismos procariontes [43]. E tem como vantagem a facilidade do
acesso dos dados em uma escala global através de sites de acesso livre, e ainda possibilita
que mudltiplos usuarios comparem seus resultados. Sendo atualmente utilizada para

identificacdo de fungos patogénicos em humanos.

Os principais bancos de dados das sequéncias génicas de Fusarium spp. sdo 0
FUSARIUM-MLST da CBS-KNAW do Centro de Biodiversidade flngica
(http://www.cbs.knaw.nl/Fusarium) e o FUSARIUM-ID da Universidade Estadual da
Pensilvania (http://isolate.fusariumdb.org), os quais foram construidos para facilitar a
identificacdo de Fusarium sp. tanto na agricultura quanto clinicamente [44,45]. Dessa
forma, devido a sua crescente relevancia clinica varios estudos moleculares estdo sendo
realizados envolvendo tipagem desse fungo, com aumento expressivo de publicacbes
mundialmente a fim de estabelecer as espécies locais de fusariose, assim como 0s
complexos de espécies mais prevalentes, os sitios clinicos da onde sao isolados, e o perfil
de sensibilidade aos antifingicos [12,44,45].

O site do FUSARIUM-MLST do CBS-KNAW Fungal Biodiversity Centre
(http://www.cbs.knaw.nl/Fusarium) foi construido para facilitar a identificacdo de

isolados agricolas e clinicos através da realizacao de consultas dentro dessa base de dados,
com objetivo de comparar com as sequéncias nucleotidicas de DNA depositadas [46].
Estdo disponiveis para consultas nesse banco de dados, tanto consultas simples, quanto
avancadas do BLASTN, em que é possivel fazer a busca com varias sequéncias de genes
de maneira simultanea. O algoritmo de alinhamento de sequéncia Unica compara a
sequéncia de um desconhecido (dado do isolado flngico) com as que estdo presentes no
banco de dados de referéncia do Fusarium MLST [47]. Essa base de dados tem maior

seguranca em relacdo ao BLAST, porque apenas o curador dela é responsavel por


http://www.cbs.knaw.nl/Fusarium
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depositar novas sequéncias, enquanto que no BLAST qualquer pessoa pode fazer o
depdsito de informagdes sobre as sequéncias.

As consultas com multiplas sequéncias estdo representadas na Figura 9, na qual
existe a possibilidade de inserir dez diferentes genes, essa ferramentas é possivel devido
ao desenvolvimento do programa BioloMICS. Recomenda-se utilizar esse sistema de

multilocus, porque ele garante uma identificacdo mais confiavel [46].

FUSARIUMMLSTHOME  SEARCH  COLLECTIONS ~MOREDATABASE  IDENTICATION  DEPOST  LOGIN  CONTACTUS  Unknownuser

Start identification Reset form Previous Next

Translation elongation factor 1 alpha gene (EF1) (Paste sequence):  a

RNA 1 it gene (RPB1) (Paste seq

RNA polymerase Il beta subunit gene (RPB2) (Paste sequence): &

Calmodulin gene (CAL) (Paste sequence): &

beta-tubulin gene (TUBB) (Paste sequence): &

Histone gene (Paste sequence): &

IGS (Paste sequence): &

Internal transcribed spacers (ITS1 and ITS2) (Paste sequence): &

285 ribosomal RNA large subunit (285 - LSU) (Paste sequence): &

Figura 9: P4gina de busca on line na base de dados do MLST
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O’Donnell K. [47] fornece um guia contemporéaneo com passo a passo dos trés
recursos para identificacdo das espécies de Fusarium: FUSARIUM-ID
(http://isolate.fusariumdb.org/; FUSARIUM-MLST (http: 1l
www.cbs.knaw.nl/fusarium); e NCBI GenBank (http: //www.ncbi. nim.nih.gov/).

A interpretacdo da identificacdo precisa da espécie esta relacionada a porcentagem
de similaridade, apresentando uma similaridade de 99-100% na cobertura com a
sequéncia nucleotidica, podendo assim ser inferido com seguranca. Para que as seguintes
interpretacdes sejam verdadeiras, € assumido que as sequiéncias consultadas dos genes
EF-1a, RPB1 e/ ou RPB2 no FUSARIUM-MLST foram cuidadosamente editadas, como
exemplificadas na Figura 10.

[ @ Fusariom MLST x (G | | @ |
& C {} | ® www.westerdijkinstitute.nl/Fusarium/BicloMICSIDResults.aspx @ ® 1 0
o Apps. B EDUCASUS G www.google.com TelessaideRS/UFRG Clinical Microbiclog) Métodos predictivas n lutzanilab.org/publ @ Ferreira | Diagnastic » Outros favoritos

-

FUSARIUMMLSTHOME =~ SEARCH  COLLECTIONS  MORE DATABASE IDENTIFICATION DEPOSIT  LOGIN  CONTACTUS  Unknown user

ICENGIEIEESVIGI Clustering results | Comparison settings

Id | Species complex, strain and MLST type Similarity | Accounte Weight

Figura 10: Demonstragéo de resultado da base de dados do MLST.

A quantidade de informagdo nesse banco de dados deve aumentar
significativamente a medida que os membros da comunidade de microbiologia clinica

depositam seus isolados nestas cole¢fes de cultura acessiveis internacionalmente e
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publicam seus achados. Além das culturas, podem ser solicitado o deposito dos resultados

dos cromatogramas e dos dados das sequencias nucleotidicas [46].

Atualmente, pelo menos 300 especies filogeneticamente distintas foram
resolvidas com as linhagens genealdgicas. As espécies de Fusarium estdo sendo
constantemente depositadas nas micotecas internacionais, como ARS Culture Collection
(NRRL), no CBS-KNAW Biodiversity Center (CBS) e no Fusarium Research Center
(FRC), e constantemente estdo sendo aproveitadas para as analises filogenéticas. No
entanto, existem ainda espécies que ndo foram nomeadas e muitas delas s&o

morfologicamente enigmaticas [19].

2.4.2 Andlise Filogenética

Atualmente, abordagens morfologicas, aliadas as analises de métodos de estudos

de filogenia, como a construcdo de arvores filogenéticas, sdo utilizadas para definir a
relacdo da evolucdo entre as espécies. Quando existe a possibilidade de identificacdo de
uma nova espécie, recomenda-se realizar uma investigacdo cuidadosa com mais de um
gene informativo, como os genes EF1-a e RPB2 para identificar espécies de Fusarium,
bem como realizar a consulta no bando de dados do FUSARIUM-MLST para definir seus
haplétipos [3].
A filogenia avalia as relagdes de ancestralidade comum entre os taxons (grupos), na qual
existe a unidade taxondmica operacional (OTU). A relacdo filogenética é baseada na
distancia evolutiva, e essa € quantificada por algoritmos nos softwares especializados,
como 0 MEGA 7.0. Essa relag@o pode ser realizada pela avaliagdo dos clusters (grupos)
pelo método do UPGMA, por exemplo, ou pelo método Minimum evolution, formando
cladogramas, que sdo uma matriz de distancia evolutiva.

O dado p-distance é a distancia baseado na fracdo (possibilidade) de posicdes
nucleotidicas nas quais as duas ou mais sequéncias analisadas divergem (amostra
nucleotidica de isolado). Esse dado subestima a verdadeira distancia genética derivada da
ocorréncia de eventos das maltiplas substituicdes nucleotidicas ao longo do processo
evolutivo [48].

Na Figura 11 estdo apresentadas diversas ferramentas para a aquisicdo de arvores

filogenéticas, as quais representam modelos matematicos implementados pelo software
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MEGA. O primeiro na lista, Maximum Likehood (ML) ou Maxima Verossimilhanga, é
baseado em um modelo de evolugdo explicito [49]. O segundo modelo é o Neighbor-
joining (NJ), que estd baseado nas relacfes entre as distancias das sequéncias, ndo
avaliando cada caractere separadamente da sequéncia de DNA, mas sim em uma matriz
de distancia que é produzida previamente com o modelo matematico de distancia
determinado [50]

E o ultimo método, da Méaxima Parciménia (MP), que ndo é baseado em um
modelo de evolucdo explicito e sim no modelo de hipdtese mais simples, ou seja, 0 que
representa 0 menor nimero de variacao das possibilidades de construcdo de arvores [48].
Teoricamente, MP e ML precisam computar todas as topologias possiveis; o que seria
computacionalmente dispendioso em questdo de tempo. Ambas analisam cada sitio
independentemente. Adicionalmente, a ML utiliza modelos evolutivos de substituicdo de
nucleotideos, o que é mais robusto, sendo uma vantagem do método em comparagao aos
outros modelos apresentados [51].

W MEGA 7.0.14(7160202-x86_ C=Ifay x|
| File Analysis  Help
5.??.*'94%.@.5%. #o®_ B2 O 7
Align Data Models Distance  Diversity Phylogeny |User Tree  Ancestors  Selection  Rates Clocks Diagnose
il Construct/Test Maximum Likelihood Tree...
%% Construct/Test Neighbor-Joining Tree...
T Construct/Test Minimum-Evolution Tree..
% Construct/Test UPGMA Tree...
= Construct/Test Maximum Parsimony Tree(s)
M_L\ Open Tree Session
& =] = = (<] ® . £ . &
Help Docs Examples Citation Report 2 Bug Updates? MEGA Links Toolbar Preferences
ME G releaze #7160202-486 B4

Figura 11: Software MEGA, sinalizando as opg¢des de construcéo de arvores filogenéticas.

Infelizmente, os dados para tais analises de alinhamentos e filogenias ndo estdo

totalmente disponiveis. Um estudo do Open Tree of Life Project descobriu que apenas
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cerca de 17% das arvores filogenéticas de fungos estdo disponiveis em formato de acesso
aberto (on line). Embora muitas revistas micoldgicas exijam que os conjuntos de dados e
arvores sejam submetidos a TreeBASE ou Dryad, ainda falta um controle rigoroso na
fiscalizacédo e seguranca desses depdsitos [15].

A Tabela 5 apresenta a realizada uma revisdo nos modelos das arvores
filogenéticas mais utilizadas nas publica¢fes de novas espécie de Fusarium spp., sendo
que 8/13 utilizaram o modelo mateméatico ML, 7/13 o modelo MP, 3/13 o modelo
Bayesian inference analysis (BI) e 2/13 o0 NJ. Na Figura 12, esta representada uma arvore
filogenética obtida por inferéncia bayesiana (BI) e maxima likelihood (ML) para

classificacdo dos diferentes complexos de Fusarium [3].

Tabela 5: Genes utilizados como marcadores genético do Fusarium.

Marcador Anélise Filogenética Autor/ano
ITS, EF-1a, e RPB2 ML Debourgogne et al. 2010 [52]
EF-1a, e RPB2 MP e BI Costa et al. 2016 [40]
ITS, EF-1a, RPB2, D1 ¢ D2 (LSU) rDNA MP Migheli, Quirico 2010 [8]
ITS, EF-10, RPB2, D1 e D2 (LSU) rDNA NJ, ML e MP Scheel, Christina M 2013[53]
ITS, EF-10, e RPB2, D1 e D2 (LSU) rDNA MP Short 2013 [38]
EF-1a, RPB2, ¢ ITS o 28S rDNA MP Edupuganti, S et al. 2011 [54]

ITS, EF-1a, RPB2, D1 e D2 (LSU) rDNA ML O'Donnell, K 2008 [42]

ITS, EF-1a, e RPB2 ML e BI Guevara-Suarez, M 2016 [55]

ITS, EF-1a, e RPB2 ML e BI Diepeningen, A 2015 [56]

Aoki 2012 [37]

RPB1le RPB 2 ML e MP
ITS, EF-1a, RPB2 ¢ cal ML e MP O'Donnell, K 2009 [57]
BT2 e EF-la ML Homa, M 2013 [58]

ITS, EF-1a, e RPB2 NJ e MP O'Donnell, K 2007 [59]
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Figura 12: Arvore filogenética gerada com inferéncia bayesiana (Bl) e maxima likelihood (ML) com o
gene EFl-a, 589 caracteres, 10000000 geragdes a partir 144 isolados. Os nimeros dos ramos sdo
probabilidades posteriores bayesianas (PP) e percentagens de 1000 replicacfes bootstrap de maxima

verossimilhanca MEGAG6 (PP / ML). A arvore foi enraizada pelo complexo de F. solani (Fonte: Al-Hatmi,

[3]).
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2.5 Perfil de Susceptibilidade

O fungo Fusarium spp. vem surgindo com maior relevancia na micologia médica,
estando associados a baixas susceptibilidade aos antifingicos disponiveis e alta taxa de
mortalidade, principalmente em pacientes imunocomprometidos. Esses fatos destacam a
importancia de desenvolver testes de diagndsticos mais rapidos e precisos, e assim
contribuir para o tratamento adequado [60].

As espeécies do género Fusarium geralmente apresentam os maiores valores de
concentragdes inibitérias minimas (CIMs) para anfotericina-B, nistatina, cetoconazol,
voriconazol e posaconazol em relacdo aos outros fungos [61]. Além disso, tem sido
relatada susceptibilidade variavel entre as diferentes espécies de Fusarium. Também
foram descritos que as cepas de F. solani sdo resistentes a todos os azolicos, mas
suscetiveis a anfotericina-B [54]. Em oposicdo, as espécies de F. verticillioides
apresentam susceptibilidade variavel aos azolicos, com CIMs menores para voriconazol
e posaconazol. Uma possibilidade de tornar o fungo mais suscetivel ao tratamento é a
combinacdo de dois agentes antifingicos ou a combinacdo com outras classes de

farmacos [6,62].

Recentemente, foi realizado um estudo multicéntrico que envolveu sete paises,
dentre eles o Brasil, o qual utilizaram 1.150 isolados, a fim de determinarem o ponto de
corte para os principais complexos de Fusarium agentes de infeccbes clinicas. Dessa
forma, conduziram o estudo de acordo com as diretrizes do CLSI, o qual preconiza que
para determinar o ponto de corte é necessario que 97,5% dos valores dos CIMs estejam
dentro da distribuicdo do modelo estatistico. Assim, o ponto de corte determinado para
anfotericina-B foi de 4 pg/ml para a espécie de F. verticillioides e de 8 pg/ml para os
ambos complexo de espécies do F. oxysporum e do F. solani; Para os triazélicos
posaconazol foi de 2ug/mL para espécies de F. verticillioides, de 8 pg/mL para complexo
de espécies do F. oxysporum e 32 pg/mL para o complexo de espécies do F. solani; e
para o voriconazol, foi de 4ug/mL para a espécie de F. verticillioides, de 16 pg/mL para
o complexo de espécies do F. oxysporum SC e 32 ug/mL para o complexo de espécies do
F. solani SC; e para itraconazol foi de 32 pg/ml para ambos os complexo de espécies do
F. oxysporum e F. solani. Para as espécies de F. verticillioides ndo foi definido [63].
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Em vérios estudos foi descrito que todas as espécies de Fusarium apresentavam
resisténcia ao fluconazol, com CIM >64 pg/mL. Essa resisténcia pode estar relacionada
ao amplo uso na agricultura de antifungicos com mecanismo de agdo semelhante ao
fluconazol, e ao uso exacerbado como profilaxia clinica para tratar fungemias, certamente
isso possibilita que ocorra uma pressao seletiva nos genes de resisténcia [64].

O estudo demonstrou que apenas 0s novos triazolicos, como o voriconazol e o
posaconazol, apresentam atividade moderada, com o valor das CIMs variando de 2 a 8
pg/mL e 0,5 a 8 pg/mL, respectivamente; e dependendo do complexo da espécie.
Contudo, o valor mais frequente de MIC neste estudo para anfotericina-B foi de 2 pug/mL,
independentemente do complexo da espécie e para as equinocandinas foi de CIM > 16
pag/mL [64].

Noutro estudo também foi demonstrado que os perfis de susceptibilidade
diferiram entre as espécies, Fusarium verticillioides apresentou os menores CIM e
Fusarium nygamai os maiores CIM para A anfotericina-B (AMB). AMB foi o farmaco
mais ativo, seguido pelo voriconazol (VRC), posaconazol (POS), isavuconazol (ISC) e
natamicina (NAT). Os demais antifungicos (fluconazol, itraconazol e micafungina)
apresentaram baixa atividade, com valores de CIM >32,>16 e 8 pg/mL, respectivamente
[65].

Em relacdo ao perfil de susceptibilidade do Fusarium spp. isolados de casos de
onicomicose de um estudo na India, apresentaram uma variacdo na sensibilidade dos
antifangicos entre as espécies, demonstrando a importancia do diagnéstico a nivel de
espécie, bem como do teste de sensibilidade para o tratamento adequado. Os resultados
de susceptibilidade antifingica indicaram que a anfotericina-B foi o antifingico mais
eficaz para todos os isolados (CIM; 0,5 a 2 pg/mL), seguido pelo voriconazol (CIM; 1 a
8 pg/mL). No entanto, uma grande variacdo foi mostrada na susceptibilidade ao
posaconazol (MIC variando de 0,5 a 16 pg/ml) [66].

Nos casos dos isolados de ceratite, esses apresentam uma ampla resisténcia dentro
do complexo de espécies Fusarium solani (FSSC) [42], essa resisténcia pode estar
relacionada a formacao de biofilme, como foi demonstrada no estudo de Mukherjee et al.
[67] com 27 isolados de Fusarium spp.. Foi observado um aumento expressivo dos
valores da CIM quando configurado a producéo do biofilme (Tabela 6), ambos os isolados
de F. solani apresentaram CIM maior para AMB, enquanto os isolados de F.oxysporum

apresentaram um CIM maior para VRC.
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Tabela 6: Perfil de susceptibilidade de células livres e em biofilme do Fusarium spp.
(Fonte: Mukherjee et al. [67]).

Células livres CIM (ug/mL) Biofilme CIM (ug/mL)
Cepa AMB NAT VCZ AMB NAT VCZ
F. solani B6914 1 4 8 128 4 2
F. solani B6970 1 2 4 16 4 8
F. oxysporum B6908 1 4 4 0,5 4 256
F. oxysporum B6936 1 4 4 1 4 256

Sobre o perfil de sensibilidade dos isolados de fusariose invasiva foi realizado um
estudo entre sete paises da Europa com 76 isolados de Fusarium spp., que foram isolados
no periodo de janeiro de 2007 a junho de 2012, na qual observaram uma ampla gama de
susceptibilidades antifungicas. Em geral, a anfotericina-B foi o antifingico mais potente
in vitro e o itraconazol o menos efetivo. Os azOlicos apresentaram concentracfes
inibitérias minimas (CIMs) mais baixas contra os isolados das espécies de F.
verticillioides, contudo o posaconazol apresentou um desempenho ligeiramente melhor,
enquanto os isolados de F. solani foram resistentes aos trés azolicos avaliados, o
fluconazol, o itraconazol e o voriconazol [68].

Outro estudo de susceptibilidade realizado com isolados de Fusarium spp. de
pacientes imunocomprometidos com fusariose invasiva apresentou resisténcia as
equinocandinas: caspofungina e micafungina (CIM >16 pg/ml), fluconazol (CIM >64
pg/ml) e itraconazol (CIM 8 pg/ml). Os isolados também apresentaram valores mais
elevados de CIM para anfotericina-B (CIM 2-4 ug/ml) e posaconazol (CIM 2-8 pg/ml),

mas foram sensiveis ao voriconazol (0,25-0,5 pg/ml) [69].

2.5.1 Efeito Sinérgico dos Antifingicos no teste de sensibilidade

Existe uma enorme preocupacao com a resisténcia dos fungos frente ao arsenal
terapéutico disponivel tanto na area agricola quanto na area meédica, e muitos estudos
estdo avaliando a possibilidade do efeito sinérgico entre os antifingicos ou na

combinagdo com outros farmacos para solucionar essa problematica. Um exemplo disso
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foi o estudo da combinacdo de terbinafina com voriconazol, no qual testaram contra 29
isolados de Fusarium spp. (15 F. solani, 7 F. oxysporum, 2 Fusarium decemcellulare, 2
Fusarium dimerum e 3 Fusarium sp.), e conseguiram resultados promissores para inibir
a espécie F. solani. Os resultados das CIMs das drogas testadas sozinhas foram: 256
pg/mL para a terbinafina, e 2-16 pg/mL para o voriconazol. Enquanto que na combinacao
dessas drogas, as CIMs tiveram uma redugdo para 1 pg/mL e 0,25-1 pg/mL,

respectivamente [62].

Em outro estudo, Spader et al. [70] obteve resultados notaveis entre as interacoes
sinérgicas avaliadas (% de isolados de Fusarium spp. inibidos pelo efeito sinérgico), nas
quais foram testadas as combinacfes de anfotericina-B (AMB) com caspofungina
(68,7%), AMB com 5-flucitosina (59,3%) e AMB com voriconazol (37,5%). Dois anos
depois Spader et al. [71] avaliou a combinacdo de voriconazol com terbinafina e obteve

sinergismo em 84% dos seus isolados de Fusarium spp.

No estudo de Li et al. [72], as CIMgo de cada farmaco utilizado isoladamente
foram: anfotericina-B, 4 pg/mL; terbinafina, 8 pg/mL; natamicina, 16 pg/mL;
itraconazol, > 16 pug/mL e fluconazol, > 64 ug/mL para as amostras das espéecies de
Fusarium spp. O sinergismo foi obtido com as combinacGes de anfotericina-B com
terbinafina (81,6%), e na anfotericina-B com itraconazol (84,2%). No entanto, apresentou
antagonismo com natamicina em combinacdo com azdlicos, e da natamicina em
combinacdo com terbinafina em 52,6% a 60,5%, respectivamente.

Uma possivel explicagdo dessas interaces que obtiveram resultados sinérgicos é
aos diferentes mecanismos de agdo que esses farmacos possuem, por exemplo, AMB e a
natamicina agem na membrana celular, criando poros e em consequéncia 0
extravasamento do conteddo interno da célula do fungo, levando a morte deste. Ao passo,
que a caspofungina age na proteina FKS, desencadeando mecanismos de sinalizacdo para
a desestruturacdo da parede celular do fungo. Outro diferente mecanismo é o da 5-
flucitosina, que age no material nucléico do fungo, agindo como um antimetabodlico e
impedindo a sintese de DNA para novas células fangicas. Por fim, o voriconazol, o
itraconazol e a terbinafina agem nas enzimas percurssoras da via do ergosterol,
interrompendo ou diminuindo a producgdo do constuinte fundamental da membrana do

fungo.
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2.6 Genes de Resisténcia do Fusarium

Os mecanismos exatos de resisténcia em Fusarium sp. ndo estdo totalmente
estabelecidos, mas podem estar relacionados com as combinacGes de alteragcdes de
aminoacido na proteina que codifica a enzima CYP51A e/ou superexpressdo do gene
CYP51A, que metabolizaria o antifungico mais aceleradamente [64]. Recentemente, Fan
et al. [31] descreveu em Fusarium a existéncia de trés enzimas paradlogas de
metabolizacdo (CYP51A, CYP51B e CYP51C), e € conhecido que a delegdo no gene do
CYP51A geralmente causa a resisténcia secundaria em fungos, assim como evidenciado
no A. fumigatus [25].

Os dados da anélise do transcriptoma em F. graminearum [9] demonstraram fortes
respostas para alguns genes da via de biossintese dos esterdis, como FgCyp51A a
FgCyp51C que codificam a enzima do citocromo P450 esterol 14alpha-desmetilase, que
é 0 alvo molecular dos antifangicos azélicos. Além disso, 15 dos 54 genes que codificam
os transportadores ABC foram mais do que duas vezes regulados pelo farmaco do estudo
[73]. Neste estudo, eles descobriram que os mutantes com a delecdo DFgABC3 e
DFgABC4 adquiriram uma maior sensibilidade a varios fungicidas. Notavelmente, a
delecdo de FJABC1 e FgABC3 causou uma forte reducéo de viruléncia em trés culturas
economicamente importantes, do trigo, da cevada e do milho.

Descobertas recentes sobre 0s mecanismos de resisténcia do gene FKS1 em
Fusarium sp. indicaram que quando ocorre uma mutacdo, implica diretamente na
resisténcia as equinocandinas. Para entender melhor a resisténcia a equinocandina nas
espécies de Fusarium, vérias pesquisas estdo estudando o gene FSFKS1, que codifica a
enzima (1,3)-D-glucano sintase, responsavel pela integridade da parede celular do fungo.
Quando silenciado esse gene, observou-se a reducdo da viabilidade dos esporos quanto
das hifas, associado ao processo de lise [74].

Outro tipo de resisténcia estudada € a resisténcia cruzada do fluconazol com o
itraconazol, esse tipo de resisténcia cruzada também foi descrita entre os trés antifungicos
da classe das equinocandinas. Dados in vitro mostraram que existe uma potencial
resisténcia cruzada entre os azolicos, as equinocandinas e os poliénicos, mas nenhuma

informacao clinica sobre esse fendmeno esta disponivel [74].
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2.7 Fusariose: Defini¢do das Formas Clinicas

Fusariose é uma doenca causada por fungos do género Fusarium que afeta plantas
e animais, inclusive humanos. Em humanos pode causar um amplo espectro de doencas,
desde uma micose superficial ou subcutanea a uma micose sistémica. Agressividade da
infeccdo invasiva dependera do estado de imunidade do paciente, podendo apresentar
manifestacdes clinicas de sinusite, de pneumonia, ou com infec¢Bes cutaneas profundas
e disseminadas; e frequentemente em pacientes imunocomprometidos se manifesta com
febre ndo responsiva a medicamentos antimicrobianos. Os fatores de risco para o
desenvolvimento de fusariose invasiva sdo neutropenia, déficits na imunidade celular,
quimioterapia de inducdo para leucemia e transplante de células hematopoiéticas [75].
Outras infeccGes em pacientes imunocomprometidos incluem tromboflebite, fungemia
com ou sem envolvimento de 6rgdos, endoftalmite, artrite séptica, osteomielite e
peritonite em pacientes que recebem dialise peritoneal ambulatorial continua [76].

Outro tipo de micose causada pelo Fusarium sp. é a subcuténea, conhecida como
micetoma, na qual se desenvolve nos tecidos cutaneos ou subcutaneos apds um implante
traumatico do agente etioldgico. O micetoma nos membros inferiores é 0 mais comum,
mas também outras partes do corpo podem ser afetadas. As principais caracteristicas do
micetoma sdo a triade da tumefacdo, a formacdo de fistulas e a presenca de grdos nos
exsudatos (Figura 13 Ae D).

No eumicetoma, os gréos sao hifas compactadas do fungo e sdo cobertos por uma
matriz extracelular cimentiforme dura. A cor do grdo é determinada pelos pigmentos
presentes ou excretada pelo agente causador, sendo 0s grdos de eumicetoma incolores a
amarelos, ou negros, estando relacionado com o agente causador da infeccao; Se hialinos
ou melanizados, a populacdo mais afetada € aquela que vive em areas rurais e suas
atividades de trabalho as colocam em risco de lesdo traumatica; e, assim, ter maior
exposicao aos agentes causadores, além de ter acesso limitado aos servicos de saude. O
diagndstico é realizado a partir da bidpsia pelo exame histopatolégico (Figura 13 B e C)
e visualizacdo macro e microscopica do gréo [77], aliado ao exame direto e confirmacéo
do agente pelo exame cultural. Existem outras lesdes cutaneas que nao sao micetomas,
como por exemplo, a lesdo nodular localizada no nariz do paciente da Figura 13 E, na

qual obteve remissao total com o tratamento com itraconazol [78].
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Figura 13: Eumicetoma causado por Fusarium sp. no pé direito do paciente apds tratamento e cirurgia (A).
Lesdo inflamatoria caracterizada por infiltrado linfo-histiocitario e eosinofilico corado com HE (B).
Micetoma como agente o F. pseudensiforme corado com Grocott (C). LesBes semelhantes a tumores na
coxa esquerda (D) [77]; (E) Les&o nodular no nariz pelo F.moniliforme [78].

Por outro lado, a fusariose em pacientes imunocompetentes se apresenta mais
frequentemente como infecgdes superficiais, como ceratite e onicomicose. A micose
superficial é a conseqiiéncia da quebra da barreira de protecdo da pele, ocasionadas por

trauma mecanico, inclusive queimaduras e feridas [76].

2.7.1 Onicomicose

Onicomicose € uma micose que afeta a unha e sua manifestacdo clinica pelo
Fusarium ndo é patognoménica da espécie, em geral aparece a lesdo fungica quando
existe um descolamento da lamina ungueal, frequentemente ocasionado por algum tipo
de acidente mecanico, onde o fungo é inoculado. Alguns autores retrataram que este fungo
causa uma leséo do tipo paroniquia (Figura 14 A e B), com presenca de leuconiquia [79]
(Figura 14 B), ou onicolise acompanhado de hiperqueratose [80] (Figura 14 C). Podendo
causar distrofia total da unha [81] (Figura 14 D), ou hipergqueratose com amarelamento
da placa ungueal, e frequentemente esta localizado na porc¢éo distal da unha [82] (Figura
14 E).
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Figura 14: Onicomicose causada por Fusarium sp.. Paroniquia na unha direita (A); Leuconiquia na placa
proximal, onicolise, hiperqueratose e presenca de eritema (B); Paroniquia aguda na dobra subungueal
proximal (C); Onicodistrofia total sem paroniquia envolvendo apenas unha do polegar esquerdo ha 4 anos

(D); Unhas com descolora¢do amarelada, hiperqueratose e rugosidade (E).

As unhas dos dedos do pé sao frequentemente as mais afetadas, principalmente as
do halux; geralmente ap6s um trauma ou anormalidades distroficas ou a outras condigdes
predisponentes, como diabetes mellitus, histéria familiar e imunossupressdo [83]. A
presenca de infecces envolvendo pele ou unha deve ser cuidadosamente investigada
antes de iniciar a terapia imunossupressora, uma vez que foi demonstrada que tais lesdes
podem ser uma porta de entrada para a infeccdo disseminada [84]. Na Figura 15 pode-se
observar lesbes cutaneas primarias em pacientes com fusariose invasiva por Fusarium
sp.; onicomicose no halux direito (A); tlcera (B); intertrigo (C); intertrigo evoluindo para
linfangite antes da disseminacdo (D); necrose em uma lesdo de intertrigo (E) [84];
Também foi descrito um caso de onicomicose (G) em paciente com historia clinica de
insuficiéncia renal cronica e diabetes mellitus, também apresentou uma ulcera dolorosa
em seu pé direito (F) [83].
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Figura 15: LesBes cutaneas primarias por Fusarium sp. evolugdo para fusariose invasiva - Lesdes cutaneas
primarias em pacientes com fusariose invasiva: Onicomicose (A), Ulcera (B), intertrigo (C), intertrigo
evoluindo para linfangite antes da disseminacdo (D), Necrose em uma lesdo de intertrigo (E); Ulcera

dolorosa em pé direito ap6s infec¢do ungueal (F), onicomicose no héalux direito (G).

As espécies mais frequentes de onicomicoses por fungos nao-dermatofitos sao as
espécies do complexo F. solani e do complexo F. oxysporum [44], as quais provocam
comprometimento proximal da unha associado com dor e inflamac&o periungueal. A unha
afetada apresenta cor branca-amarelada e, frequentemente, superficie opaca. A dobra
proximal da unha e a cuticula tornam-se de cor branca-amarelada, indicando a origem
proximal da infeccdo [85]. A unha distal apresenta coloracdo amarelada quando ha
progressdo da micose. A evolugdo da onicomicose por Fusarium sp. é de 1 més a 15 anos
(média de 3 anos) [16].

A onicomicose € uma onicopatia comum responsavel por aproximadamente 50%
de todos os problemas de unhas, e sua prevaléncia na populacdo mundial varia entre 2 e
18% [25]. As onicomicoses por fungos ndo-dermatéfitos (FND) tém aumentado
rapidamente, sobretudo na Europa, onde séo responsaveis por 1,6% a 6% dos casos [86],
nos Estados Unidos é estimada em 13%, e no Brasil revela um aumento da incidéncia de
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onicomicose causada por FND (incluindo Fusarium spp.), provavelmente devido ao
clima quente e Umido, e ao grande numero de agricultores, sendo um pais que vive

economicamente do setor primario [87].

Em um estudo epidemiolégico em 2003 no sul do Brasil (no periodo de um ano)
apresentaram 360 casos positivos de onicomicose, 0s quais foram confirmados apenas
pelo método convencional de identificagdo microscopica, sem fazer a identificacdo
molecular. De modo que, as espécies de Fusarium spp. foram responsaveis por 7,5% (n
= 27) dos casos, tornando o género Fusarium o mais isolado entre os fungos filamentosos
ndo-dermatofitos. A espécie mais frequente foi F. oxysporum (33,3%) [25].

A epidemiologia e a etiologia da onicomicose por Fusarium apresentam diferencas
geogréficas, especialmente na frequéncia de cada grupo de fungos responsaveis pelas
infeccOes. Isso esta relacionado com a microbiota fangica, que é alterada no mundo
periodicamente em sua composicdo quantitativa e qualitativa, em funcdo de fatores
ambientais, como o desenvolvimento urbano, industrializacéo, localizacdo geografica, e

condigdes climéticas [88].

A onicomicose por Fusarium sp. é dificil de tratar, e apresenta altas taxas de falha,
mesmo apds longos cursos de antifingicos sistémicos ou terapia topica, com ou sem
remocdo das unhas [71,81]. Apesar da limitada atividade in vitro ao itraconazol e a
terbinafina, ambas sdo comumente utilizadas na terapia sistémica para onicomicose por
Fusarium sp. [16], apresentando eficacia em alguns casos de pacientes imunocompetentes
[89].

E sabido que os novos triazélicos (voriconazol e posaconazol) apresentam maior
atividade in vitro contra Fusarium spp. [90]. O tratamento para onicomicose com
voriconazol é composto por uma dose de ataque de 400 mg por via oral, ou por duas
doses, com intervalo de 12 horas, seguida por doses de manutencdo de 200 mg por via
oral, a cada 12 horas [91]. A remogéo da unha aliado ao tratamento com anfotericina-B
topica pode ser feita em pacientes que ndo respondem a terapia antifingica sistémica, mas
geralmente é evitada em pacientes imunocomprometidos [75], devido a infeccdo
geralmente requer meses de terapia e a duracdo depende do estado imunoldgico geral do

paciente e da resposta terapéutica.

O ciclopirox olamina também tem sido usado em combinagdo com agentes orais,

existem estudos que comprovam seu efeito potencializador no tratamento, como € o caso
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da sua combinacdo com terbinafina oral, onde obtiveram uma taxa de cura micoética de

88% e uma taxa de cura completa de 68%, enquanto a terbinafina sozinha tinha uma taxa

de cura micotica de 65% e uma taxa de cura completa de 50% [92]. Na Figura 16 esta

apresentando um algoritmo geral de tratamento para onicomicose [93].
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Figura 16: Algoritmo de tratamento de onicomicose para tratar todos os fungos (Adaptada de Thomas et.

al. [93]).
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O manejo clinico da onicomicose inclui prescri¢ao tratamentos com antifungicos
sistémicos e tdpicos. Os antifungicos mais urilizados atualmente incluem a terbinafina
(uma alilamina), amorolfina (morfolina), itraconazol (triazolico) e ciclopirox
(hidroxitriptofano). Ciclopirox, itraconazol e terbinafina sdo aprovados nos Estados
Unidos e em todo 0 mundo para o tratamento de onicomicose, enquanto a amorolfina e o
fluconazol séo aprovados na Europa [94]. No Brasil todos esses farmacos sdo utilizados

na terapéutica.

2.7.2 Ceratite Fungica

A ceratite fungica pode acometer todas as camadas da cdrnea até as mais
profundas. Esse tipo de infeccdo causa ulceracdo da cornea, opacidade do globo ocular e
uma inflacdo intensa da conjuntiva, caracterizada como uma infec¢do ocular de alta
gravidade, que pode resultar em grande deficiéncia visual e perda do globo ocular [95].

A viruléncia do fungo é devido a sua capacidade de resistir as defesas do

hospedeiro e de penetrar através da membrana lesionada por um trauma mecanico,
atingindo a camera anterior ocular. Pode ainda causar necrose tecidual através da
producdo de enzima, contribuindo para a resposta inflamatdria resultando em dano
tecidual [96].
Neovasculariza¢do pode ocorrer como resultado da inflamacéo (Figura 17 A) [97]. Os
sinais associados que indicam a gravidade da inflamac&o incluem a presenca do fungo na
cérnea envolvendo regides da esclera (Figura 17 B) [30], muitas vezes atribuido ao uso
de lentes de contato (Figura 17 C). Gravemente ocorre a descemetocele (Figura 17 D)
[98] ou a producdo de hipdpio (pus na camara anterior) [99]. Os fungos podem invadir
em poucos dias o estroma profundo com grande rapidez e podem ter acesso a camara
anterior [100].

As infecgdes flngicas quase sempre se apresentam de maneira insidiosa. Se ndo
tratadas, os sinais inflamatorios progridem gradualmente, causando a degradacédo
permanente do epitélio, ulceragdo estromal ou formagdo de descemetocele (afinamento
da cornea). A cornea pode eventualmente perfurar, formando uma tlcera temporal densa

de cornea com bordas mal definidas e hiponio de 1 mm (Figura 17 E). E frequente a
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recorréncia da infeccdo mesmo ap0s a ceratoplastia penetrante excéntrica, como pode ser
observado na Figura 17 F e G [101].

Figura 17: Ceratite causada por Fusarium sp. Abscesso da cérnea no olho direito (A); Cérnea infectada
envolvendo regides da esclera (B); Ceratite grave por Fusarium em usuérios de lentes de contato (C);
Descemetocele ocorrendo 5 dias ap6s o exame inicial (D); Imagem mostrando Ulcera temporal densa de
cérnea com bordas mal definidas e hipdpio de 1 mm (E); Cinco semanas ap0s a primeira ceratoplastia
penetrante excéntrica, um infiltrado corneano (F); Infiltrados micéticos no transplante de cérnea e producao

hipopio (G).

A ceratite fangica é uma infec¢do destrutiva da cornea com um alto nivel de
morbidade ocular. Essa patologia tem grande distribuicdo mundial, sendo mais frequente
em areas subtropicais, assim como em pacientes com o comprometimento da integridade
corneana. Atualmente, o nimero anual de Ulceras corneais registradas esta rapidamente
se aproximando entre 1,5 e 2 milhdes, e 0 nimero real é provavel que seja maior. Para a
maioria destas infeccbes, o resultado final é geralmente opacidade da cdrnea, ou
possivelmente os resultados sejam ainda mais devastadores, como perfuracdo da cornea,

endoftalmite ou enucleacdo do olho [102].
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O fator mais comum de predisposicao a ceratite por fungos foi o trauma associado
ao material vegetal. Outros fatores de risco que influenciaram nesta patologia foram o uso
prolongado de corticosteroides e o estado de imunidade dos pacientes [103].

O Brasil apresenta um namero significativo de casos de ceratite fungica (CF),
variando de 11% a 56% de todas com cultura positiva para infeccdo fangica [104]. A
espécie mais frequente de CF é F. solani (encontrado em até 91% dos isolados), seguido
por F. oxysporum e F. dimerum [104]. Relata-se que as infecc¢Oes oculares de F. solani
tém o prognostico mais grave devido a sua rapida progressao, apresentando perfuracao

da cornea em poucas semanas [105].

A ceratite € geralmente tratada com antifungicos topicos, pois as drogas sistémicas
ndo apresentam uma boa acao ocular, e a natamicina é a droga de escolha. Recentemente
foi relatado o sucesso do tratamento com voriconazol topico combinado com o oral [9].

A administracdo sistémica da AMB apresenta pouca penetragdo nos tecidos
oculares, ndo atingindo niveis terapéuticos na cérnea, aquoso ou vitreo. Além disso, seus
efeitos colaterais desestimulam o uso dessa via, sendo a administracdo direta in situ acaba
sendo a principal forma de tratamento. E uma das poucas drogas que apresenta descricdo
na literatura do uso subconjuntival, intraestromal, intracameral e intravitreo, além do seu
uso topico [106]. O tratamento dos casos de ceratite flngica estd exemplificando de

maneira esquematica na figura 18 [107].



" Opeao: AME

Ceratite profinda on coom
anomehrrerto mba-

terapéutica

41

CERAT ITE FUNGICA

L evedura

1" Opgén: ALTE O

2" Opcao: Hatannoina

e tirento de Batxa aderénea
terioe o1 tratarmento
custaling

Lssociar: AME
mbacameral

suh cormurtival

AVALTAR RESPOSTA
TERAPEUTICA

Se hmver melhora
o quadro:

Marder o tatarrerto ahal

Figura 18: Algoritmo de tratamento para ceratite fungica (Adaptada de Muller et al. [107]).
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2.7.3 Fusariose invasiva

A fusariose invasiva apresenta elevada mortalidade e auséncia de um protocolo de
ensaios clinico (guidelines) para 0 manejo adequado nos casos de infeccdo invasiva,
contribuindo para o crescente interesse no estudo desta micose. Essa infeccdo é
caracterizada por febre persistente, que é refrataria ao tratamento antibiético de amplo
espectro, e por lesbes de pele com necrose central [7]. As manifestacdes clinicas da
infeccdo por Fusarium incluem sinusite, pneumonia, les6es localizadas na pele, fungemia
e infecgdes disseminadas em pacientes imunocomprometidos [38].

As infeccbes fungicas invasivas sdo as principais causas de mortalidade e
morbidade em pacientes com neoplasias hematoldgicas e neutropenia prolongada apés a
quimioterapia [108]. A manifestacdo clinica da fusariose depende em grande parte do
estado imunoldgico do paciente e da porta de entrada, que incluem seios paranasais,
pulmdes e pele [109].

O envolvimento da pele na fusariose pode representar um local primario de
infeccdo, geralmente uma celulite dos dedos dos pés, ou uma manifestacdo de infeccao
metastatica em pacientes com fusariose disseminada [9]. As lesGes cutaneas podem
envolver qualquer sitio da pele, com predominio nas extremidades. A infec¢do por
Fusarium apresenta-se mais frequentemente como lesGes cutaneas metastaticas, do tipo
papulonodulares eritémato-violaceas, algumas purpuricas, nos membros inferiores
(Figura 19 A e B) [110], com apresentacdo inicial de lesdes subcutaneas, induracoes
eritematosas, seguidas por lesdes necrdticas centrais, tipo em alvo (Figura 19 C, D e E)
[111]. As lesdes sdo formadas rapidamente dentro de um a cinco dias, em varios estagios
de evolucdo e ocasionalmente com mialgias. As bidpsias de pele sdo extremamente faceis
de realizar e confirmam a suspeita clinica. No entanto, as imagens histopatolédgicas das
lesbes cutaneas assemelham-se as das infecgbes por Aspergillus. As duas infeccbes
exibem invasdo vascular e hifas septadas ramificadas; portanto, a diferenciacdo pode ser
dificil [108].
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Figura 19: Lesdes nos membros inferiores (A e B); Leséo classica com papula eritematosa endurecida e

necrose central, Unica (C); Lesdes cutaneas causadas por F. solani (D e E).

O envolvimento pulmonar é comum na fusariose invasiva, quadro de pneumonia,
geralmente se manifestando como lesbes nodulares e cavitarias (Figura 20). Como
esperado, o envolvimento pulmonar esta associado a maior mortalidade, mesmo ap6s o
controle do estado imunolégico. A apresentacédo clinica é inespecifica, com alguns casos
apresentando quadro clinico semelhante a aspergilose invasiva, com tosse seca, dor
toracica pleuritica e falta de ar [112].

Quando héa suspeita de rinosinusite fungica aguda sugere-se a endoscopia nasal.
Este exame demonstra a presenca de sinais tipicos, tais como mucosa avermelhada e
edema no estagio inicial da doenca; palidez e descoloragdo da mucosa em acometimento
no estagio mais avancado da doenca, podendo ser observada na Figura 20 C e D, além da
evidente presenca do fungo [112]. Outras fermentas que auxiliam no diagnostico da
infeccdo invasiva sdo a tomografia computadorizada (TC) (Figura 20 A), a ressonancia
magnética (RM) (Figura 20 B, E e F), assim como raio-x (Figura 20 G), [113].
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Figura 20: Rinossinusite fungica invasiva por Fusarium sp., tomografia computadorizada e
ressonancia magnética revelaram opacificacao do seio esfenoide direito, com manchas desinformadoras (A,
B). Endoscopia para o desbridamento do tecido necrético (C, D). Osteomelite detectado por RM (E).
Observacgoes radioldgicas podem indicar infiltrados inespecificos na formagdo nodular e / ou cavitéria (F).
Radiografia de térax com lesdes consolidativas com lucidez central envolvendo os lobos basal e medial do

pulméo direito (G).

Durante a Gltima década, o nimero de casos de fusariose invasiva (FI) aumentou
em todo o mundo, entretanto existem poucos estudos descrevendo a epidemiologia
molecular. Na Italia, um estudo realizado com 18 centros de hematologia relatou 15 casos
de fusariose invasiva. Encontraram entre 11.802 pacientes com neoplasia maligna
hematoldgica (prevaléncia de 0,1%), e os pacientes com leucemia mieldide aguda tiveram
a maior incidéncia, 13 casos em 3.012 pacientes (prevaléncia de 0,4%) [84]. Nesse pais,
a espécie mais prevalente foi a F. verticillioides, seguido por F. solani (25%). Ao
contrario do que acontece em Paris, na Franca, onde aproximadamente um terco das
espécies é causada por FSSC, seguido por FOSC, complexo de espécies de F. dimerum
(FDSC), e raramente pelo complexo de espécies F. incarnatum-F. equiseti (FIESC)
[114].
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Horn et al. [115] descreveram 65 casos do Registro North American Path Alliance,
de 2004 a 2008. A maioria dos pacientes tinha malignidade hematologica (72,3%) e
83,1% tinham fusariose comprovada. Mohammed et al. [75] relataram 26 casos dos
Estados Unidos, sendo o fator de risco mais importante encontrado para a fusariose
invasiva , o comprometimento do sistema imunolégico, e o local mais comumente
infectado foi a pele; F. solani foi a espécie mais frequente (49% dos casos). Em um estudo
prospectivo realizado em 22 centros na Argentina, a fusariose invasiva foi responsavel
por 14% dos casos [76]. A taxa bruta de mortalidade relatada na América Latina é de
66%, mas em pacientes com fusariose invasiva e imunodeficiéncia persistente, a
mortalidade chega a 100%. Resultados semelhantes foram relatados no banco de dados
da Rede americana de Vigilancia de Infec¢es Associadas a Transplante (TRANSNET -
Transplant-Associated Infection Surveillance Network Database) [116].

As taxas de mortalidade entre os pacientes com fusariose invasiva, cutanea e
pulmonar foram 50%, 40% e 37,5%, respectivamente, em um estudo no Hospital Geral
de Massachusetts, Boston, MA, e a espécie mais frequente foi a F. solani [75]. Nesta
espécie é observada a maioria dos casos de resisténcia aos azélicos e aos poliénicos.
Contudo, a espécie de F. oxysporum é mais suscetivel ao voriconazol e ao posaconazol
[69]. Noutro estudo epidemioldgico realizado na Italia, observaram que os isolados
estavam quase que uniformemente divididos entre o complexo de espécies de Gibberella
(Fusarium) fujikuroi, 0o FSSC e 0 FSCO [8].

As condutas terapéuticas corretas recomendadas para os quadros de fusariose ndo
sdo muito claras e sdo de dificil interpretacdo em razdo do pequeno nimero de casos
diagnosticados e tratados. Assim, a eficacia terapéutica foi avaliada a partir dos resultados
dos relatos clinicos e dos estudos retrospectivos [7]. A remocdo cirargica do tecido
infectado associada ao uso de anfotericina-B tem sido relatada.

Recentemente, as diretrizes diagndsticas, European Society of Clinical
Microbiology and Infectious Diseases (ESCMID) e European Confederation of Medical
Mycology (ECMM), sugerem que a terapia precoce com voriconazol (VRC) ou
anfotericina-B lipidica (AMBIip) com intervenc&o cirdrgica seja aplicada para prevenir a
disseminacdo da doenca fungica; e que de forma alguma se deva ser administrado
equinocandinas. Em espécies de Fusarium que ndo sdo suscetiveis a AMB e VRC, o
medicamento de escolha indicado seria o posaconazol (POS) [109].
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3. MARCO CONCEITUAL

O conceito da pesquisa foi investigar a diversidade das espécies de Fusarium
agentes das fusarioses da regido Sul do Brasil, a fim de verificar a possibilidade de
diferenca entre as espécies causadoras de onicomicose, de ceratite e de fusariose invasiva,
e entre outras regides; avaliar a possibilidade de um padrdo de resisténcia e suas
singularidades; conhecer os fatores e 0s pacientes de risco, com intuito de estabelecer um
conhecimento solido sobre o perfil epidemiolégico regional. Na figura 21 esta
representado o conceito deste estudo, apresentando um grafico que retrata a crescente
publicacdo deste tema nos ultimos anos, tanto em pacientes imunocomprometidos quanto
em pacientes imunocompetentes. No periodo de 2000-2010, dobraram as publicacdes
sobre fusariose, e também sobre investigacdes dos complexos de espécies mais
prevalentes de Fusarium. Outra crescente preocupacdo é o desenvolvimento de um
protocolo clinico especifico para fusariose, pois no caso de ceratite e onicomicose nao
sdo especificos para tratar a espécie de Fusarium; e no caso de fusariose invasiva o
protocolo clinico proposto recentemente em 2014 foi baseado em relatos de caso e em
estudos observacionais. O grande consenso dos pesquisadores é a recomendacdo da
realizacdo do perfil de susceptibilidade, sendo extremamente relevante saber a
concentracdo inibitéria minima e tentar aplica-la no tratamento clinico, da mesma forma
que é importante mensurar sua concentracdo plasmatica, para inferir 0 quanto estara

disponivel no foco da infeccéo.
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4. JUSTIFICATIVA

Estudos epidemioldgicos sdo fundamentais para aprimorar o conhecimento sobre
doengas emergentes, estabelecer prioridades, alocar recursos, definir novas diretrizes e
protocolos clinicos para o tratamento e/ou profilaxia. Na ultima década, aumentaram
globalmente os estudos epidemioldgicos sobre fusarioses. Assim como, a preocupacgédo
em classificar a diversidade das espécies e dos complexos do Fusarium, a fim de conhecer
todos os aspectos relacionados a natureza desse fungo, bem como os grupos de risco em
que esta causando infeccdo. Dessa forma, desenvolvemos um estudo com objetivo de
caracterizar a epidemiologia da fusariose da regido Sul do Brasil, para assim definir um
conhecimento sélido sobre as espécies de Fusarium, tal como seu padrdo de sensibilidade
aos antifungicos e por consequencia poder auxiliar na melhor classificacdo dessa doenca

e igualmente na orientacdo ao clinico com o tratamento mais adequado.
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5. OBJETIVOS

5.1 Objetivo primario

Realizar um estudo observacional retrospectivo e prospectivo de trés fusarioses:
onicomicose, ceratite e fusariose invasiva, investigando os aspectos epidemiolégicos, a

diversidade genética e os perfis de susceptibilidade aos antifingicos.

5.2 Objetivos secundarios

e Caracterizar fenotipicamente os isolados de Fusarium spp., descrevendo suas

caracteristicas morfologicas macroscopicas e microscopicas;

e Caracterizar genotipicamente os agentes etioldgicos das fusarioses, determinando as

sequencias nucleotidicas, espécie, haplotipo e complexo;
e Investigar a relacdo filogenética entre as espécies de Fusarium agente de fusariose;
¢ Analisar o perfil de susceptibilidade entre as espécies de Fusarium;

e Verificar a existéncia de um padrdo de sensibilidade entre os complexos de espécies nas
diferentes infecGes por Fusarium.

e Descrever o perfil dos pacientes de risco acometidos por fusariose.
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ABSTRACT

Onychomycosis is a fungal infection of the nail and is the most common nail disease in
the general population. Onychomycosis caused by the genus Fusarium have emerged
over the past decades in immucompromised individuals, with disseminated infection and
high mortality rates. The prevalence of this type of infection varies in the literature
because of geographical differences in mould distribution and diagnostic methods.
Fusarium onychomycosis is a difficult-to-treat infection, because little is known about
the genetic variability and susceptibility pattern of Fusarium spp. in this setting. This
article reviews our current understanding of Fusarium onychomycosis. We reviewed the
main epidemiological, diagnostic and therapeutic aspects, including molecular
identification and in vitro antifungal susceptibility testing of Fusarium species in
onychomycosis.

Keywords: Onychomycosis, Molecular techniques, Susceptibility profile, Fusarium
spp., Epidemiology.
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INTRODUCTION

Onychomycosis is a fungal infection of the nail plate or nail bed, leading to the
gradual destruction of the nail plate that causes discoloration, thickening, and separation
from the nail bed. It occurs in 10% of the general population, 20% of persons older than
60 years, and 50% of those older than 70 years. Accurate diagnosis involves physical and
microscopic examination and culture. Histologic evaluation using periodic acid—Schiff

staining increases sensitivity for detecting infection [1].

A typical clinical manifestation of the affected toenails is leukonychia or distal
subungual hyperkeratosis with yellowish brown coloration [2,3]. The infection
freuquently affects the great toe nail after trauma or dystrophic abnormalities and other
predisposing conditions like diabetes mellitus, peripheral circulatory diseases, walking
bare feet, family history, and immunosuppression [4]. The presence of infections
involving skin or nail should be carefully investigated before initiating
Immunosuppressive therapy since it has been shown that such lesions can be a focus for
fungal dissemination [5].

Non-dermatophytic molds (NDM) onychomyecosis accounts for 2% to 12% of all
nail fungal infections and can be caused by a wide range of fungi, among them the
Fusarium oxysporum and Fusarium solani [6]. Fusarium onychomycosis is a difficult-
to-treat infection, even though there are several potent antifungal agents available for
patient use. Little is known about the genetic variability and susceptibility pattern of
Fusarium spp. in this setting. This article reviews our current understanding of Fusarium
onychomycosis. Scopus and PubMed, databases search were conducted for this review.
"Nail Fusarium™ and "Fusarium onychomycosis" were the search terms used for all
databases. Without restricting the search period. Eligible studies included aspects of
epidemiology, diagnosis, and treatment including molecular identification and
susceptibility profile of Fusarium species, and treatment.

EPIDEMIOLOGY

Onychomycosis is a nail infection caused by a variety of fungal agents, and which

affects approximately 5 % of the population worldwide, representing up to 50 % of all
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nail diseases [7]. The prevalence of onychomycosis by Fusarium in North America is
approximately 4 %, varying from 2 to 18% in the world's population [8]. It can infect up
to 50% of people older than 70 years of age. In a previous study, NDM was isolated in
13.8% of the lesions and Fusarium spp. (50.0%) was the most frequently observed in a
reference hospital [9]. In arecent study in Brazil, 35 Fusarium spp. isolates were isolated
from patients with onychomycosis, predominantly from female Caucasians. The most
frequent anatomical location was the nail of the hallux and 71.4% of the isolates belonged
to the F. solani species complex, followed by F. oxysporum species complex (28.5%) [3].
The infection is more prevalent in females [10-13] and adult age, especially over 45
(2,4,23-27). F. oxysporum is considered an agent of fingernail and toenail
onychomycosis infections, whereas F. solani is more often isolated from toe-nails [2].
Proximal subungual onychomycosis with paronychia and distal onychomycosis has been
associated with F. oxysporum [4]. F. oxysporum invariably affects the great toe nail after
trauma or dystrophic abnormalities and other predisposing conditions like diabetes
mellitus, walking bare feet, family history and immunosuppression.

Special aspects in case reports and case series of Fusarium onychomycosis

Case reports of Fusarium onychomycosis are listed in Table 1. The first reported
case of Fusarium onychomycosis was Richie & Pinkerton (1959) [16]. F. oxysporum and
F. solani species complex has been described as a the most prevalent Fusarium species
causing onychomycosis, its incidence has been increasing in immunocompetent hosts. In
a study by Godoy et al. in Brazil, F. solani and F. oxysporum were the common species
isolated in patients with onychomycosis. Report eight cases of onychomycosis these
species were isolated from toenails in all cases. The presence of the fungi in direct
microscopic examinations and in histopathological examinations and the repeated
isolation of the same organisms [2]. Additional case reports Fusarium onychomycosis
due to F. oxysporum species have been published [8,17-19]. Onychomycosis caused by
Fusarium proliferatum have been described in patients that were successfuly treated fully
with oral ITC, even though the minimum inhibitory concentration of ITC was relatively
high [20]. In another case report, a 73-year-old healthy female that exhibited a
discoloration and thickening of the right big toenail was unsuccessfuly treated with TRB
for 25.5 months by a primary physician. Direct microscopy revealed chlamydoconidia
and hyphae, and periodic acid-Schiff-stained nail specimen showed septate hyphae. On
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the basis of these morphological features and gene analysis, F. proliferatum was
identified. Topical application of 10% efinaconazole solution cured the disease in 10
months [6].

Interestingly, Carvalho et al., [19] described the first case of congenital
onychomycosis in a child caused by F. oxysporum. The infection being acquired in utero
was proven by molecular methods with the identification of the fungus both in the nail
and placenta, most probably as an ascending contamination/infection in an HIV-positive,

Immunosuppressed mother.

The most frequent species identified were F. oxysporum (36.5 %), F. solani (31.8
%), and F. subglutinans (8.3 %). FLC was not active against Fusarium spp., and the

response to TRB varied according to species [21].

MYCOLOGY

Traditional mycology remains the gold standard for diagnosing NDM
onychomycosis, which includes obtaining positive results from KOH and culture.
Repeated isolations (2 or 3) in the absence of a dermatophyte increase the probability of
accurate identification of the causative NDM [36]. Diagnosis is based on the following
criteria: 1. nail abnormalities consistent with the diagnosis; 2. positive potassium
hydroxide preparation with presence of hyphae in the nail keratin; 3. growth of the same
mold in duplicate cultures; 4. failure to isolate dermatophytes or yeasts in culture; 5.
colony morphology and sporulation pattern [37]. All patients who were diagnosed with
onychomycosis caused by Fusarium spp. experienced pain, with nails that were
hyperkeratotic and presented deformities and paronychia, according to observations in
the literature [21].

The colonies of F. solani species complex (FSSC) present a cream-coloured
mycelium with a green to bluish brown reverse. Microscopically, numerous microconidia
on long phialides and the presence of macroconidia with indistinct foot-cells confirm the
diagnosis [2]. Typically causes superficial white onychomycosis [6]. Only monophialides
are present, microconidia abundant, in false heads only, sporodochia cream or blue-green
to blue and chlamydospores single or in chains [5]. The colonies of F. oxysporum species

complex (FOSC) grow rapidly. The colonies consist of white colonies, which gradually
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become purple with a dark blue or dark purple reverse. Microscopic examinations
revealed microconidia on short and often lateral phialides and macroconidia with distinct
foot-cells [2]. Only monophialides are present, macroconidia very thin, needle-like with
thin walls. Microconidia are abundant, with false heads, sporodochia are cream or orange
to yellow or tan, and chlamydospores single or in chains [5]. F. proliferatum is
morphologically similar to F. oxysporum, but is distinguished from F. oxysporum by the
formation of polyphialides [6].

MOLECULAR

Fusarium species are characterized by their most distinguishable character, the
fusiform or banana-shaped macroconidia. However, morphology is insufficient to
differentiate between species. A PCR detection based on the intergenic spacer (IGS)
region has been developed for different agricultural important F. species (complexes) that
can also distinguish clinical species complexes like F. equiseti and F. sporotrichioides
because different-sized fragments are produced [38].

In addition, clinical Fusarium strains often degenerate phenotypically. The DNA
internal transcribed spacer (ITS) is insufficient for distinguishing many species of this
fungus. This genetic region is further complicated by the presence of highly divergent
ITS2 rDNA paralogs or xenologs within every strain tested within six closely related
species complexes [39]. Therefore, the current state-of-the-art diagnostic technique is
multilocus sequence typing [40]. They used multilocus sequence analysis, the gold
standard, to identify known lineages in the F. solani and F. oxysporum species complexes
and also identified two new lineages with members capable of human infection [41].
Based, including a portion of the DNA-directed RNA polymerase 1l (rpb2), rDNA ITS
and partial translation elongation factor (tefl-a) [42]. Technological and theoretical
advances have been key to the greatly accelerated species discovery within Fusarium

over the past two decades.

Most of the identified opportunistic Fusarium pathogens belong to the FSSC, the
FOSC and Fusarium fujikuroi species complex (FFSC). Less frequently encountered are
members of the Fusarium incarnatum-equiseti (FIESC), Fusarium dimerum (FDSC) and
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Fusarium chlamydosporum species complexes (FCSC) or species such as Fusarium

sporotrichioides [38].

Based on the molecular data, our Fusarium isolates proved to be derived from two
Fusarium species complexes observed in human infections frequently: FSSC and FOSC.
The FSSC is commonly seen as the major cause of human fusariosis worldwide. Within
this complex, we observed etiological agents from two main human pathogenic lineages:

F. keratoplasticum (haplotype 2) and F. falciforme (haplotypes 3-4) [43].

Table 2 summarizes the identification of Fusarium species that cause

onychomycosis, and describes the genes used in molecular identification.

IN VITRO ANTIFUNGAL SUSCEPTIBILITY

Fusarium spp. and usually shows resistance to the generally applied antifungal
agents. Susceptibility testing for different Fusarium isolates causing onychomycosis are
described in table 3. However, different species may have different patterns of
susceptibility. F. solani and F. verticillioides are usually resistant to azoles and exhibit
higher MICs for amphotericin B than other Fusarium spp. [51]. Absence of activity of
Fusarium strains studied was observed for flucytosine (MIC > 32 pg/mL), FLC (MIC >
64 pg/mL) and ITC (MIC > 16 pg/mL) when tested alone [52]. In a previous study, the
antifungal susceptibility of Fusarium isolates in onychomycosis showed that AMB was
the most effective antifungal agent against the majority of the isolates (60%, MIC <4
pg/mL), followed by VRC (34.2%, MIC <4 pg/mL). In general, those isolates had MIC
values >64 pg/mL for FLC, ITC and TRB. Statistical analysis revealed FOSC complexes
are significantly more sensitive than FSSC to VRC (P=.012) by the non- parametric
Mann-Whitney test [3].

Antifungal susceptibility test results agree with the recently published guidelines
for Epidemiological Cutoff Value (ECV) setting, ECVs encompassing >97.5% of pooled
statistically modeled MIC distributions were as for different Fusarium species (AMB, 8
pg/mL to FOSC and FSSC; for VCR, 16 to FOSC and 32 pg mL* to FSSC; and for ITC,
32 pg/mL to FOSC and FSSC) [53].
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TREATMENT

Systemic antifungals are the most effective treatment showing mycotic cure rates
of 76% for TRB, 63% for ITC with pulse dosing, 59% for ITC with continuous dosing,
and 48% for FLC. Concomitant nail debridement further increases cure rates. Topical
therapy with ciclopirox is less effective; it has a failure rate exceeding 60%. Several
nonprescription treatments have also been evaluated. Laser and photodynamic therapies
show promise based on the in-vitro evaluation, but more clinical studies are needed.
Despite treatment, the recurrence rate of onychomycosis is 10% to 50% as a result of
reinfection or lack of mycotic cure [1]. Traditional antifungal treatments used for the
dermatophyte borne disease are less effective against onychomycoses caused by NDM.
Although some laser and light treatments have demonstrated clinical efficacy against
onychomycosis, their US Food and Drug Administration (FDA) approval as “first-line”
therapy is pending, partly due to the lack of well- demonstrated fungicidal activity in a
reliable in vitro model [7]. First-line onychomycosis management strategies include oral
administration of TRB, ITC or FLC [54]. FLC has no action against filamentous fungi
including Fusarium, and if used in neutropenic patients it would only act on Candida spp.
[55]. Although ketoconazole and FLC are often prescribed for the treatment of
onychomycosis, only griseofulvin, ITC and TRB are approved by the US Food and Drug
Administration (FDA) and currently licensed for the treatment of this condition in the
United States and United Kingdom [54].

Onychomycosis due to Fusarium species is a difficult-to-treat infection and
combined therapy with oral ITC or TRB, chemical and physical removal of the affected
nail, and topical application of antifungal agents have been recommended [6]. Published
articles on its efficacy on Fusarium or other NDFF onychomycosis are scarce and rely
mostly in case series. Fifteen of 17 patients with onychomycosis due to NDM were
treated with ITC pulse achieved clinical and mycologic. Of the fifteen patients, only 2
cases were due to Fusarium. Randomized, doubleblind trials showed that oral TRB 250
mg daily for 12 (Table 4) or 16 weeks was more efficacious than ITC, FLC, and
griseofulvin in dermatophyte onychomycosis of the toenails [37]. In onychomycosis due
to Fusarium species, ITC pulse therapy (400 mg/day for 1 week a month for 6 months)
provided complete cure in two of two cases treated, ITC daily therapy (200 mg for 6-12
weeks) (Table 4) resulted in complete cure in one patient (28). Additionally, daily oral

TRB (250 mg/day for 3-4 months) produced no mycological or clinical cure in one patient
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(28). Infections with F. oxysporum have been sucessfully treated with difficulty with ITC,
TRB, and imidazole but not with flucytosine [4].

Several studies have shown that ITC pulse therapy is effective on Fusarium
onychomycosis, showing clinical cure in 40-88% of cases. In the study conducted by
Ranawaka et al. 2015 on six cases of F. onychomycosis, oral ITC pulse therapy showed

60% clinical cure at 12 months follow-up, and the mycological cure was 100%.

NDM generally do not respond well to the usual systemic medications, but the
removal of the diseased nail, followed by treatment with topical antifungals or the use of

new-generation azoles may improve therapeutic outcome [56].

Systemic Antifungal agents

Fluconazole has been effective in treating onychomycosis by dermatophytes
(150mg weekly), with levels being achieved in the stratum corneum of 7.1pg/mL after 7
days oral administration of 150mg [57]. For the management of onychomycosis, pulse
therapy with 150, 300 or 450 mg once a week is recommended for up to 12 months. In
vitro data show high activity against dermatophytes and yeasts [58]. This drug is known
to be resistant to F. specimens and most MICs are > 64ug / mL in the case of these isolates
[59-61]. Griseofulvin was the first oral antifungal drug approved for the treatment of
onychomycosis. It exhibits a fungistatic mode of action by interacting with microtubule-

associated proteins and results in the inhibition of fungal cell division [58].

Itraconazole is mainly fungistatic. In vitro data demonstrate its broad spectrum of
activity against dermatophytes and yeasts, as well as other molds. It is metabolized by the
liver and many early studies have highlighted the hepatic toxicity of ITC [54]. ITC 400
mg daily for 1 week a month was given to 21 patients, and TRB 250 mg daily for 4 months
was prescribed to 6 patients. Treatment was continued for 2 months in fingernail infection
and for 4 months in toenail infection [14]. Terbinafine (TRB) was the first oral synthetic
alkylamine approved for the treatment of onychomycosis [54]. TRB was suggested the
treatment of choice for dermatophyte onychomycosis [37]. With regard to molds, in the
F. oxysporum case, the response to TRB and topical imidazole was good and led to

clinical and mycological recovery from an infection which is often refractory to
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antimycotics [62]. Systemic treatment 1 week per month with either TRB (250 mg/d) and
Is prescribed in association with topical treatment [15].

Topical antifungal agents

Ciclopirox has a mycotic cure rate of 29% to 36%, and a clinical cure rate of 6%
to 9% in fungal onychomycosis. It is a member of the hydroxypyridine family. Is believed
to work by inhibiting metal-dependent enzymes by chelating the polyvalent cations (Fe3+
or Al3+). It also inhibits fungal nutrient uptake, resulting in decreased nucleotides and a
reduction in protein synthesis. The solution is applied daily covering the entire nail plate
and approximately 5 mm of surrounding skin for 12 months. Combined results from
clinical studies indicate a 29% to 36% mycologic cure rate [56]. Briefly the treatment is
described in table 4.

Applications of amorolfine 5% have been indicated until the affected nail tissue
has grown out, which is approximately 9 to 12 months in toenails and 6 months in
fingernails [56]. Once weekly lacquer for up to 24 weeks is reported to have 60—-71%
mycological cure rates in randomized clinical studies, for the management of fungal

onychomycosis [54].

This review article gathered several important information for epidemiology,
diagnosis and diversity of species of Fusarium onychomycosis agents. In summary, only
30% of the cases reviewed in the literature reported success in treatment, and no
unanimous indication was found in the therapeutic indication. Most of the cases described
were of nail infection of the foot, and 54.2% of these were exclusively caused by F.
oxysporum species and 21% by F. solani. The diagnosis at the species level using
molecular techniques was present in less than the metadata of the analyzed cases, as well
as the histological examination (44.4%). The succession profile is very variable, showing
a low sensitivity to most antifungal agents.
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Table 1. Summary of case reports of onychomycosis by Fusarium spp.

Case
Species Site Treatment Infection cure Author and year
Report
) Richie & Pinkerton,
F. oxysporum 2 FN Thiomersal G NI
1959 [16]
F. oxysporum 1 FN NI NI NI Gordon, 1960 [22]
F. oxysporum 1 TN NI NI NI Zaias et al.,
1966 [23]
Fusarium Walshe & English, 1966
2 TN NI NI NI
spp. [24]
Glutaraldehyd )
F. oxysporum 1 TN I S Suringa, 1970 [25]
e
R and CP and Rush-Munro et al,,
F. oxysporum 53 TN o S
pimaricin DP 1971[23]
F. oxysporum 5 TN NI NI NI Zaias et al.,
1972 [26]
Young & Meyers 1979
F. oxysporum 1 FN R RT S
[27]
DiSalvo & Fickling
F. oxysporum 1 TN NI T NI
1980 [28]
F. solani 3 TN AMB L S Merz et al., 1988 [29]
) Feuilhade et al., 1989
F. solani 1 TN ITC T S
[16]
Fusarium
TN R LandT IS Nadler et al., 1990 [30]
spp.
) Robertson et al., 1991
F. solani 1 TN AMB LandG S

[31]



F. solani 1

F. oxysporum 1

F. oxysporum 3

F. oxysporum 1

F. oxysporum 3

Fusarium 4

F. oxysporum 9

Fusarium

Spp.

26

F. solani 1

F. oxysporum
and F. solani

F. oxysporum
(6) and F.

solani (3)

©

TN
TN
TN and
FN
TN
PSR
FN, TN,
FN and
TN
Il and FN
DS (5)
and PSR
(21)
FN and
TN

FLC AMB

EFC

NI

CPand B

R and CP and
B

NI

ITC (4), CP
(2), ITC and
TRB(1)

ITC,TRB, R
and CP

ITC

NI

R and CP or

amorolfine

NI

CP

CP

NI

NI

CP

NI

NI

NI

NI

40%

cure

NI

NI
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Gimenia et al.,, 1992
[32]

Toutous-Trellu et al.,
1995 [17]

Luque et al., 1995 [16]

Dordain-Bigot et al.,
1996 [33]

Baran et al., 1997 [17]

Bokhari, 1999 [13]

Romano et al.,, 1998
[34]

Tosti et al., 1998 [14]

Lee et al., 2002 [35]

Godoy 2004[2]

Piraccini &  Tosti,
2004[15]

*B= Bifonazole, CP= Immunocompetent patient, CP=Ciclopirox, DP = Diabetic Patient, DS=Distal

Subungual, EFC= Efinaconazole, FN=fingernail, G=Gardening, T=trauma, lI=Interdigital Intertrigo, IM =

Improviment, IP = Immunocompromised Patient, IS = Insusess, L= Leucemia, A=Aplastic Anemia, NI =
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Uninformed, PSR= Proximal Subungual Region, R= Nail Removal, RT= Renal transplant patient, S =

success, TN= Toe Nail.

Table 2. Diagnostic methods used in the diagnosis of onychomycosis of Fusarium. species

) Examen PCR Histo- Count
Species Isolates _ ] Reference
direct  (gene) logie ry

F. oxysporum 3 Yes no Yes ltaly [17]
Fusarium sp. 26 Yes no Yes ltaly  [18]
F. oxysporum 7 Yes no Yes Italy  [34]
Fusarium sp. 2 Yes no Yes Brazil [32]
F. solani and F. )
8 Yes no no Brazil [2]
oxysporum
) cytochro
F. proliferatum 2 Yes no Japan [20]
me B
_ 28S Switze
Fusarium sp. 128 no yes [44]
rDNA rland
Fusarium sp., F. solani 7 Yes no no Brazil [45]
F. oxysporum 27 Yes no yes Brazil [8]
F. solani 167 Yes no no Brazil [46]
F. solani and F. [47]
58 no MLST no Italy
oxysporum
Fusarium sp. 4 Yes no no Brazil [48]
F. oxysporum 1 Yes ITS yes Brazil [19]
F. fujikuroi and F. Turke
_ 47 no ITS no [49]
solani y
F. solani, F. oxysporum )
) TEF and Thaila
and F. incarnatum- 44 Yes yes [38]
o RPB2 nd
equiseti
F. solani and F. TEF and Colom
89 no no ) [50]
oxysporum RPB2 bia
F. fujikuroi and F. TEF and )
) 46 Yes no India [43]
solani RPB2

F. oxysporum 1 Yes no no India [4]
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Table 3. Antifungal susceptibility of Fusarium. spp. causing onychomycosis MIC (ug/mL)

EFC FLC GRI KTC ITC PSC VCR TRB Reference

>256 0.25 [57]
0.5-16 1-—>16 0.125-1  0.25-8 [8]

>16 2-16 2->64 [63]

4-64 0.03-16 0.007-8  0.03-16 [64]

4-16 2-8 [65]

0.5-2 >4 1-4 [66]
16 ->64 16->64 4->16 4->16 1->16 4->16 [9]

2->16  0.125>16 0.5->16 [67]

>64 >16 4->16 2—>16 [50]
32->128 0.5->64 0.125->32 16->64 [3]

*EFC Efinaconazole, FLC Fluconazole, GRI, griseofulvin, ITC itraconazole, KTC

ketoconazole, PSC posaconazole, TBF terbinafine, VRC voriconazole
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Table 4. Summary of recommended treatments for Fusarium onychomycosis

Agent Dose Duration

Amorolfine apply once or twice a Remove lacquer before each new application.
week Toenails: 9-12 months. Fingernails: 6 months

Ciclopirox  apply once per day Remove lacquer once per week. Treat for up to
apply 48 weeks

Fluconazole 300-450 mg or mg Toenails: once/week for 9-12 months or
150-300 Fingernails: once/week for 4-6 months

Itraconazole 200 mg or pulse Toenails: once per day for 12 weeks or 200 mg
therapy twice per day for 1 week/no treatment for 3

weeks. Repeat for 3-4 months

Terbinafine 250 mg 200 Toenails: once per day for 12 weeks
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Artigo 2: Genetic diversity e antifungal susceptibility of Fusarium isolates in

onychomycosis (Mycoses; FI=2,9)
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Genetic diversity and antifungal susceptibility of Fusariumisolates in onychomycosis

Priscila D. Rosa, Daiane Heidrich, Carolina Corréa, Maria Lucia Scroferneker, Gerson
Vettorato, Alexandre M. Fuentefria, Luciano Z. Goldani

https://onlinelibrary.wiley.com/doi/abs/10.1111/myc.12638

Summary

Fusarium species have emerged as an important human pathogen in skin disease,
onychomycosis, keratitis and invasive disease. Onychomyecosis caused by Fusarium spp.
The infection has been increasingly described in the immunocompetent and
immunosuppressed hosts. Considering onychomycosis is a difficult to treat infection, and
little is known about the genetic variability and susceptibility pattern of Fusarium spp.,
further studies are necessary to understand the pathogenesis and better to define the
appropriate antifungal treatment for this infection. Accordingly, the objective of this
study was to describe the in vitro susceptibility to different antifungal agents and the
genetic  diversity of 35  Fusarium  isolated from  patients  with
onychomycosis. Fusarium spp. were isolated predominantly from female Caucasians, and
the most frequent anatomical location was the nail of the hallux. Results revealed that 25
(71.4%) of isolates belonged to the Fusarium solani species complex, followed by 10
(28.5%) isolates from the Fusarium oxysporum species complex. Noteworthy, the authors
report the first case of Neocosmospora rubicola isolated from a patient with
onychomycosis. Amphotericin B was the most effective antifungal agent against the
majority of isolates (60%, MIC <4 pg/mL), followed by voriconazole (34.2%, MIC
<4 upg/mL). In general, Fusarium species presented MIC values >64 ug/mL for
fluconazole, itraconazole and terbinafine. Accurate pathogen identification,
characterisation and susceptibility testing provide a better understanding of pathogenesis

of Fusarium in onychomycosis.


https://onlinelibrary.wiley.com/doi/abs/10.1111/myc.12638

Fcwtomt 2 Dacarmoer 5010

Favhec M S LT

90

Acepied T Wy DT

DO L3112 L e 1ASTH

ORIGINAL ARTICLE

WiLEY ER

Genetic diversity and antifungal susceptibility of Fusarium
isolates in onychomycosis

Priscila D. Rosal | Daiane Heidrich! | Carolina Corr&a® | Maria Licia Scroferneker & |
Gerson Vettorato® | Alexandre M. Fuentefria® | Luciano Z. Goldanit

‘Progrmma e Poo-grecumcis BT Medc i
Ddrciar Mdelioas Unfesrtideds Fecesl b B
Lermrcs de Sl Perks Alagrs. Eresll

i da Parrmuizy, Bosprirrania ), Fozsial Sa
Chirios e oo Slagre. Poris Sagre. Ere=ll
"arim Se DermEmicge, o Foozial Davte
DOinrn, Zaris T S Pk Slage, St

£ Te B,

"Pr:'-'rlﬁ Prbz-greduncie s CBinch

P L =]
Larmrcie do 2l Forto Alsgre. Bl

‘CorTezpoTOeTce

Lucimne: Cioicanl, infecous Do

L Mimzpie o Dok de Poes SEETe.
Uinkmrz okt Pl e o Cormrci i (Sl
Porba Mg 55, sl

B o s Kot br

1 | INTRODUCTION

Summary

Fuzanum spedes Fave emerzed a5 an imgortant Foman pathogen in skin disesse,
omychomycosts, keratitis and invasive disease. Onyvchomycosts caused by Fusarism
cpp. The infection has been increzzingly described in the mmonocompedent 2nd e
munosuppressed hosts. Considering omachomycosis is a difficult to treat infection, and
litti= iz Enown sBout the menatic variability and suzceptibility pattem of Fusarium sop.,
Furtfeer studies are necessary to understand the pethopsress and betizr to define the
spproprisde antfungal freatment for this infection. Accondingly, the ohisctve of thic
shudy was o descrite the in witro susceptibiity to different setifungal szents and the
Eenatic diversity of 35 Fusanum isclated from patients with orpchomycosiz. Fusariem
spp. were isolated predominantty from femalke Cascasians, and the most frequent ans-
tomical location was the nail of the halkor Resufts revesded that 25 (71.4%] of isolates
belonged to the Fusarium solswi specie: complex, followed by 10 [25.5%) isolates from
the Fusorium oxysporum spacies comples. Moteworthy, the authors regort the first
case of MNeoscmmosporo rubicolo isolsied from a patient with cechomyvooszs.
Amphotericin B was the most effectie sedifurgal apent agsinst the majorty of =o-
Labes (50%, MIC 24 primil), folloveed by voricomazols (34 2% MIC <4 pp'ml). In pere
eral, Fusarium zpecies presented MIC walses »64 peiml for fluconzzole, iraconazole
and terbinafine. Accurate pathomen identifitation, characterisation and sescepkibility
tesiing provide & bebber understaneding of pathozenesis of Fesemum n
omychomy cosis.

EETWORDS

Mxzariae, mizdemuler chyicgeneticz, mulBdrug rad=zbnt Mescoomarpene rubloola. saschommreozk,
IpsdiEr compiece

of Ereafmert snd malrtences o Poerhee zpe. b mcaf salabis s
P remd wh.“ﬁn.lrh:h pracarmiz msathy oz supsfichl ard ooalbzesd

Frzariure zpaclar hres Emarged = sn [mpertert paShcgan I Imma-
raacom prombsd nd Inrunccon peatHT patient snd unuslly scquined
with trewma ar throwg b nhalbtion of sifizoms conlds. In Innurscon-
prerlz s patisn b, Furasum infsctions. sffect s nstopodetic i ol
reediplsni and rean et sz seewes Slzoareirarissd Irfection. with morksl-
ey rl-:al'upw'.‘!i.._' sk dus to Sy In Sagnosdz s difcolity

Irfmctere, zuch sz ciin Infecton:, keewiitic snd arpehomrposaiz in the
Inrruna:urrmi-nt.":

Dirpchamrycsas Sus to Furadum zpp. simast shwwps Ivalhes the
s bmsnalk, Emechily thom o'fecftsd By tamedic and Sysmmo-
phic stncrmalBEaz. srdier rallz alesscdy IrfecSed by ﬂ-lrl'l'll'hpl‘l'a‘.vl:.*
In sn apdsriokgicsl rhudy In Brazl 37 [7.9%] of 250 camr of

Mefpponer, 30071,
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nncwptiiEy paitern of Femdom pp., further thudis: ars ECEIeCy
be urderztand tha pathaperach pnd badiesrin Sefira the sgpregriste
anbfurgsl treabmiet for anpchomrposals cyummd By Furarium 1pe In
Pect, Murariom rpsclar cmn schlbt werisbis ceocspbTEy m?‘
snd thersfore | b imporiest 5o follow sn spprmopeists ooocept by
prefis defiriden and Henbficabion st e pachas I“I."mlr_rr\d
Eranoe-izad 1pacar (TS reglon =4 Bvs ruclssr dbzzomed OHA ks Basn
uzsd iz Iderriify the species lvel dnce Howes celecked uo tha o iclel
fsemode’ locea Por tre Pun . Sl Sewernl ssudies e shown thet ITSD
and IT3Z sre unerful Sargets for Sertsscion snd Tdemtficrtion Murarkem
speciaz Y Tha czpctive of thiz atedy sax g Ssscrizs Bae n ol
sneaptizlEy o dHfeewrt anbfurgal agenss ard The Eeratis Sty
of 22 Fazgrium loolrisd from peberts with crpchemmrpood=z.

2 | METHODS

21 | Fungal solates

Izzdmba = from the nellz of the hend ard foob wers cbined from pa-
Henb wih cnyrhomyoash precsriing 82 dermebologht conzuling
srwice babarssn Juby and Sapferchsr 2002 In o Sertery oo haoopibal
In st Brazil Tha Shagrods was neds 2azssd on repaated Sirect
microzcoplk summinabicn cf s nall cempls with pefazcium hyvdroscdds
[EOH 0% rewsslirg byaline, oepsabe. tranchad hyphes snd “omjsl
culues podthes for Fuoedwr opE. (Sebourscd desamre sEpecl The
sbrain: ware mad risdrad In menthly subcufors s Sabourssd de=Sroce
agar [Himadis®, Murrzal India} Potsbs deximos sigsr (Usflichem ™,
Rooebs Saifl Abnurd, Hedy) waz uzed for phanctypic identfication and

antfurgal suocepsiziby I:Il:l'l.',:"T

22 | Antifungal susceptibility

Conkils wwere cbislred by jmnty probleg oclonlez with o Sedls
Paztewr plearths Hy ko dizldis tham from Sha bpphal mak They wars
Eren mmpandsd In s O8TH Dl 1oudon, coursed Inoa Hsubsusr
chambks snd sdflusted to & concenbabon of @ '.I:I" oo lda Sl =
cording to ths Clinkosl srd Laborwiory SEanderdh nstthuts trofh ml-
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13 | Statistical anabysis

Dorts snalyzh wea parfcemed with SPESS pechkuEs rul
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24 | Molecular phylopenetics
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3 | RESULTS
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Abstract

A case report of fungal keratitis of a isolate multiresistant Fusarium solani from South of
Brazil. A 55-year-old men with a history of trauma presented with keratitis in left eye.
The patient has a complicated clinical course and failed to respond to local and systemic
antifungal treatment, requiring eye enucleation. Despite multiple topical, intraocular and
systemic antifungal treatments, hyphal infiltration repeatedly penetrated the corneal
transplant causing continuous recurrences. The cultures of a corneal biopsy scraping were
positive for Fusarium spp. The organism was identified to species level by multi-locus
sequencing for translation elongation factor 1 alpha (EF-1a), and RNA polymerase I
subunit (RPB2). Also, was tested for in vitro antifungal susceptibility by the broth
microdilution method, according to CLSI M38-A2, which was susceptible to natamycin
and demonstrated resistance to amphotericin B, voriconazole, itraconazole and
fluconazole. Due to numerous resistances against antimycotic drugs the eye had to be
enucleated to prevent the pathogens from spreading. Unfortunately, the management of
fungal keratitis remains a therapeutic challenge the optimal treatment for F. solani

infection has not yet been established.

Keywords: Keratitis, Corneal ulcer, MLST, Fusarium solani, Multiresistant
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Introduction

Fusarium spp. is a filamentous fungus do rarely penetrate an intact epithelium and
are often secondary to epithelial defects caused by trauma [1], mainly vegetable traumas,
since it is common to find this fungus in soils and in different types of vegetables. Usually,
the incidence of Fusarium keratitis peaks are during harvest seasons when farm workers
at are more risk of corneal injury and exposure to airborne spores [2]. Studies show that

45%-67% of fungal keratitis in Brazil is caused by this microorganism [3].

Fungal keratitis appears as ulcerative lesions and is usually managed using topical
antifungal medications, occasionally integrated with subconjunctival injections, although
therapeutic keratoplasty may be necessary for patients whose corneal infection persists
[4]. The species most commonly associated with human infections is specie F. solani
(50%) [5] and, also are the most resistant the available antifungal drugs [6]. This fungal
may completely destroy an eye in a few weeks since the infection is usually severe, and
perforation, deep extension, and malignant glaucoma may supervene [7]. Another
important point already mentioned above is most Fusarium exhibit broad resistance to
the spectrum of antifungals currently available, including amphotericin B, azoles,

echinocandins, and terbinafine, which typically show high MICs in vitro [8].

We describe the clinical course of a Fusarium keratitis, which failed to respond to
systemic and local antimycotic treatment, and experienced a progression to a severe
keratitis.

Case Report

Male, 55 years old, with penetrant corneal transplant (TX) for keratoconus on left
eye (LE) 32 years ago. Consult for blunt trauma on LE 10 days ago, presenting corneal
ulcer with melting, hypopyon and vitreal commitment visualized on ultrasound, in
treatment with eye drops ketorolac 5 mg/mL e gatifloxacin 0.3%. The corneal button was
subjected to microbiological and histopathological examination. Samples were inoculated
onto Sabouraud dextrose agar (SDA) plates and incubated for 7 days at 25°C. Pale

yellowish colony pigmentation, cottony, rapidly growth and aerial mycelium white
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(Figure 1 A and B), which microscopically revealed septated hyphae, half-moon-shaped
macroconidium, and microconidia (Figure 1 C). On the basis of culture and microscopy,
the fungus was phenotypically identified as Fusarium spp. The morphological
identification could be confirmed for multilocus sequence typing (MLST)[9]. This
method is based on two-locus DNA sequence-based typing schemes, included portions
of translation elongation factor lo (EF-la) and second-largest subunit of RNA
polymerase (RPB2). Our isolate was identified as Fusarium solani species complex
(FSSC). Also, antifungal susceptibility testing was performed by broth microdilution
method, CLSI document M38-A2[10]. The fungal showed susceptible to natamycin with
MIC value of 2 pg/ml, and reduced sensitivity to voriconazole and amphotericin B, with
higher MIC values of 32 and 16 pg/ml, respectively. Resistance was demonstrated against

itraconazole and fluconazole (> 64 pg/ml).

The patient was treated with intravenous amphotericin B and voriconazole,and
intravitreal injection of voriconazole. Despite aggressive treatment, the infection
persisted due to the high resistance of this organism to usual antifungal drugs; Therefore,
it was decided to eviscerate the LE.

Discussion

Keratitis is the most common ocular manifestation in immunocompetent
individuals and this may be complicated by irreversible visual deterioration[11].
Globally, the FSSC is the most common group encountered in human infections and is
present in approximately 50 % of patients with fungal keratitis [12,13], the species F.
solani is the most common (found in up to 91% of isolates) pathogenic to the eye [3].
This has been associated with a higher rate of therapeutic penetrating keratoplasty [14].
Most infections have been reported in farmers, and the infections are often preceded by
trauma. These data support our finding, our patient was a grown man, a farmer who

suffered trauma to his left eye and developed an aggressive fungal keratitis [15].

Given the generally resistant nature of Fusarium species to antifungal agents, a
combination of compounds with moderate activity should be considered. Most antifungal
drugs are fungistatic, and their poor penetration, when applied as topical medications,

hampers the treatment of deep fungal keratitis [6].
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Amphotericin B has been used by systemic, topical (eye drops), intracameral,
intrastromal, and intravitreal routes in the treatment of fungal Kkeratitis and
endophthalmitis. For members of the FSSC, a high dose amphotericin B preparation is
considered to be the treatment of choice and for other species, amphotericin B and/or
voriconazole can be administered[16]. However, these antifungal options were not

effective for our patient.

The antifungal activity test in vitro showed resistant to almost all antifungal agents
available, except for natamycin. Unfortunately, access to this medication was not
available to the patient, and when he was able to use it, it was too late. F. solani is usually

resistant to azoles and exhibit higher amphotericin B MICs than other species of Fusarium

[8].

Second-generation triazoles such as posaconazole appear to be promising for the
treatment of fungal infections of the eye. Posaconazole was shown to penetrate the
vitreous humor as well as the aqueous humor in a patient with a F. solani keratitis and
endophthalmitis [15]. Unfortunately, Fusarium species, in general, show high degrees of
resistance to most antifungals. Many larger studies have been done and consensus has not
been reached on the best drugs to treat Fusarium keratitis. The topical drug of choice in
cases of Fusarium keratitis is natamycin (also known as pimaricin) 5%, but delayed
diagnosis may lead to an insufficient response because the penetration of natamycin

through the corneal epithelium is poor [17].

MLST used molecular identification to identify important fungal genera and
species, including Fusarium, is very important to predict therapeutic outcome and the
emergence of these Fungi. Contribute greatly to the understanding of the epidemiology
of infections and the evolution of pathogens. They are therefore important for monitoring
infectious disease outbreaks. Our isolate was identified as F. solani. Unfortunately, the
optimal treatment for Fusarium infection has not yet been established, and numerous
cases of fungal keratitis worldwide end with the loss of the eye.

In conclusion, the management of fungal keratitis remains a therapeutic challenge
and requires correct and prompt diagnosis as well as antifungal susceptibility testing.
Furthermore, the monitoring of local epidemiological data is of importance in guiding the

clinical follow up.
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Figures

X

Fig. 1. Colony reverse (A) and surface of the colony (B) on SDA was with incubation at 25°C for 1 week.

F. solani in microscopy (light micrograph, lactophenol cotton-blue stain) with abundant macroconidia and
microconidia ellipsoidal (0-1-septate) observed by microcultivation from a 7-day old culture: conidiophores

and conidia from sporodochial (C), x400
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In vitro susceptibility and multilocus sequence typing of Fusarium isolates causing

keratitis

P. Dalle” da Rosa, A. Nunes, R. Borges, B. Batista, A. Meneghello Fuentefria, L.Z.
Goldani

https://www.sciencedirect.com/science/article/pii/S115652331830043X?via%3Dihub

ABSTRACT

Fungal keratitis is recognized as a significant cause of ocular morbidity and blindness
especially in developing countries. In this study, we aimed to present the molecular
identification and susceptibility of Fusarium isolates causing fungal keratitis in a
university hospital in southern Brazil. The samples were identified using the second
largest subunit of the RNA polymerase gene (RPB2) and the translation elongation factor
1-alpha (TEF1), while the antifungal susceptibility was tested by the broth microdilution
method according to the Clinical and Laboratory Standards Institute (CLSI)
methodology. The majority of the isolates belonged to the Fusarium solani species
complex (F. solani, F. keratoplasticum and F. falciforme) and Fusarium oxysporum
species complex. Antifungal susceptibility has shown that amphotericin B and natamycin
were the most effective antifungals across all isolates, followed by voriconazole.
Variation among Fusarium complexes in their antifungal sensitivities was observed in our
study. The identification of Fusarium species from human samples is important not only
from an epidemiological viewpoint, but also for choosing the appropriate antifungal agent

for difficult-to-treat Fusarium infections such as keratitis.
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Artigo 5: Fusarium riograndense sp. nov., a new species in the Fusarium solani species

comples causing fungal rhinosinusitis (Journal de Mycologie Médical; FI=1,6).
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Fusarium riograndense sp. nov., a new species in the Fusarium solani species

complex causing fungal rhinosinusitis

P. Dalle” Rosa, M. Ramirez-Castrillon, P. Valente, A. Meneghello Fuentefria, A.D. Van
Diepeningen, L.Z. Goldani

https://www.ncbi.nlm.nih.gov/pubmed/29525269

SUMMARY

Invasive fusariosis has a high mortality and is predominantly observed in patients with
leukemia. We report the first case of a novel species of Fusarium, Fusarium riograndense
sp. nov, isolated from a lesion in the nasal cavity lesion of a patient with acute
lymphoblastic leukemia. The etiological agent was identified by Multilocus Sequencing
Typing (MLST), including RPB2, TEF-1a, and ITS-LSU sequences, the gold standard
technique to identify new species of Fusarium. MLST and phenotypic data strongly
supported its inclusion in the F. solani species complex (FSSC). The new species
produced a red pigment in the Sabouraud Dextrose Agar similar to other members of the
complex. The macroconiodia developed from phialides on multibranched conidiophores
which merge to form effuse sporodochia with a basal foot-cell instead of papilla in basal
cell shape. The microconidia were ellipsoidal, 0-1-septated, produced from long
monophialides. Chlamydospores were produced singly or in pairs. Amphotericin B (MIC
1 mg/ mL) was the most active drug, followed by voriconazole (MIC 8 mg/mL). The
patient was successfully treated with voriconazole. Our findings indicate another lineage

within FSSC capable causing of invasive human infection.


https://www.ncbi.nlm.nih.gov/pubmed/29525269
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Fusarium riograndense sp. nov., a new species in the Fusarium solani @m“m
species complex causing fungal rhinosinusitis

Fusarium riograndense sp. nov., une nouvelle espece dans le complexe d'especes de
Fusarium solani causant une rhinosinusite fongique

P. Dallé Rosa®", M. Ramirez-Castrillon®, P, Valente™®, A, Meneghello Fuentefria ™'
AD. Van Diepeningen'#, LZ Goldani *™*
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(g oot e Ionarer | fusariom/} and wia BLAST 1o Shyne s
in GenBank (hom:) feree nobindm nihgow genbank . The obob-
i g &5 we il depasinad in fe Cenba nindaraba w onder the
afcesshan mambas KTI5E36 (5] BoCS34000 (I1S0), KXSE3400
(TEF- ba}, amad 505534003 (RPED L

Pt wulyis

uliipde cyusne & & lgnim ants of TEF- I & aind BPED ganes whane
peicamed and manoally edied o 230 omin eguEnces
Proylooeramis analynes wine cofedonad wing e o am Hined g
g Ba yesian indenenoe ana s B (Beasr v 153 and fsamanad
Beamty w153 sofrwam) Exh boom was aligned séurady in
MECA wershon T wsing dhe CIUSTALW alcsthon and analyasd
sparanely before analzing the combined feodoci The besr
suleriorhon modd for all @ MarE wa ETimanad By
JrreefeiTes %203, Paramemers woare foosd Gn g Bl sing
S00000 Mo Chalin Monte Carls (MOWC) geenbon and
werenacordad ewery W00 peneramions. The TeneA nnoracs
w53 ofras B W med 1o sees e S0 fasl T
e and we dbrandad e firsr 230 of the samples Foanerar
[l:t.tlrr.it.: (PP} e caloolaad and Pyadess = 095 wae
oodckdenad significant. The final mad wos phaed and afinad in
Fipmae w42 soffera . Banrdfsaden miiaimes OF5 33085 wat
[T, 5 F e whine dipetingd in Tnee BASE
[aonesshon momber, 20064

Aveifngul sucepidlry

The dinical molas wene Sraued fr omoepdbidiny ©
wricenaed (VRC, Shpma-Alkdsch, U5A] braconaeke (ITC; Si-
- AkSrich, USA L amplenericin B AME; Shgma - Adrich, USA], and
Mionazede (FILC; Spona-Akarech, USA | Minima | inhienany oonoen-
wrarhane (WMICE| wane demrmningd Joocndng 1o de Olinkcal and
Libaratary Smndands Iredvoe (O150) brah mbonadilothon m st had
fior filarvesnitones forggi, M3E-AT 9], The MIC was Sefinsd 25 the
I Ciodene irathon echibiting 100K sl inhiiton of growih
ok o i I e g - Cmnnll ‘el Ty iy o il (AT
encila e s Gty borassl (ATOC G355 ) anedl Camaflifay pudraeaihial (ATOC
D09, wene inchuSad o andtor The general ek noe of the
Broth meonadfuthon .

Mukredis gk

Tt e b o whee HOF 3 odaze: (ITS, LSU0, TEF- e and EPEX)
e coanipaned sing BLAST with Foesriomd D FUSARIUS MLST
ared Cnbank darabanks, and the e ntny penmited kentidy the
s Fensen, irckle e F b comipher (PS50 The Canbank
e nTy whth iedividal o 3 w5 bow (97X Ve repead the
BLAST of rhese foor Sguences mming e “Pocarbom MILET
i b | et e naw nl esariom BickbC5 2pa ) and she-
i 98 51K of denmiiny with ounad seguences of FE5C These mouln
el SutHO & 3 nowel spackes whithin the F. salal pac b
o e (P 2 baleiloennes DMOA Sagpueece dlara wia 5 ol W0 250800
e pibvyloge et reladorahips aned spaches i of 2 o ben-
st collevion of dlinkcal and ervsinonimental it (el es
wiithin the FS5C (Fig. Ik The aligned TEF-la and RFED genes
coreknad of T34 Bp, and 15838 bpdha noers, espaiely nelling
Hmﬂﬂuﬂm&mwuﬂnﬂwtﬂ

o coanparioodn wane nenbewd fnem Renvken ML or CanBank
it banes A Mulrilones S6gesnoe Tiping (W 15T | ana Ik wia s sl
o condimn the BLAST cormpartoone aned 0o find the

i thee FESC A e s oA
ugling 131 Fsariom sajuenos from TEF-la and KPED meno-lodi
ditaEs and ASARIIM MIST o CGenbank dmabanis, and
cotaindd the s The codmbinsd TEF-
la aned RPED geners codciared of 2562 Bp (T34 bp, and 1335k
charaomers, nespeaieely | of aligned DMA segoence peT Golane. The
e plvogere o spechs Elendfied i thi sody, named &=
F. miggasdiense (HOF3) was suppored wsing Bayesian infarence
(BT e s, oo e e o o o b o e 3 oy il el
oy phtoparhogenic stoing of Faariew NERL 22178, Rolaed
e oot o i Ve re ol NERL 27153 aned 200, Fasaslam i,
I . Caarmentiong (racel- o all Sopac it i et |, (e e inciin Caouar it
i Califonia, USA; amd MR RL 33500, ol ned T Piger Ssramt in
B2 (Fig 3} The namber of nocdeosls sobarinmian varked in a
G od 1333 S TEFla geine, 35-55 ior RPED gane, 00-350ar ITS
i a e 516 iy IS0 negrian, lhich Sogects 3 v riabling greaner
han 1K for all vhe sagoenois ana lyand bn this clade [ Takbde 3L The
[ firkes oodrmipa o of mocheotdes inaddison o e HOR with
MER L B rs, e o o xarninesd for MERL normbsr e i have o B
e of the ohdeenoes berwasn the 5 ol

thar NEFRL nomiesrs wee laced in dilflemnn philoge-
Mo Spenc bis, Bhis oukd Be aSSikonal indanmaSan 1o STengglen
e cheoriipon of 3 rev spe e Tor HOP. Dindhis claSe, S nirmbasr
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INU e Y

AW an Cate ?

- d

I O 1

waw

g 2 Pnftoge A

(0] weng By

() mady ey of the o ned TRE 14 (7240p) mdRMC (1AMbg)

wquencw dasx (n <251 l-;—-ulmt- m-u-as;nn war wed 2 mooed cutgmup Rppor valan aw abovw rndie axd paoene postesor

o chabalicien, wherw value 0095 wa comei ewd gpeicans . Al yegaem oo wer s rar srved fmom e A sovien MIST dg b xow or Cenll ank

fupkzypec e S-dpt numhe ndooe NSE somn mimbeny,

of nudeoride substituson s vaned between 22 and 109 nudeot das,
depending on e ot s assessed for 38 five sequences. When we
looked 3 parwise companison between HOE and oter NRRL
strains, the varabdlity was 23-33 for TEF la gene, 35-66 for RPR2
gene 10-35 for ITS region and 5-16 for 15U regon. These resalts
demonstrazed good varkbdliny (@eamer than 1X) for B8l oe
sequences anadlyzed In ohis dade and support the hypomeses thae
at keast two sTaing Induding HOF3, heong © diflerent spacies.

RS0 codes ind

Morphological anaysts

Colonies on PDA showed an average radial myceal grows of
74 = 1.75mm perday 225 'Cmthe dark and presenaeda dameter
of Som afer 10 days of mcubeion. Acmal myceda was aream and
mosd yfl oc cose. Them yoclium @rew much spamer mtheSNAand LA
meda (Fig 3} Mioroscopically, e micaconida wem oval ar
dipocal volly O-sepexe, and 2erl comddl hyaline had

Tabe 2

Pa of a2y NN md chosly relted vogan o in the owe (Mg 21
Soraten mayred ™Wla (Taeg) L FARESL - ) I (6 hp) U (S1%hg)
MOINEE 21T o » 1 5
BOIIN S 20 x o m L]
POTRNR 2153 n o = %5
OGN R 250 o “ - 7
PCYSall L L~ e 7 b3
Beowen NSLL (sooctuadog MO =7 - L 2
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M A Colorwy 1ufacy (A and C) and reveow of thw oy (1) on SEA. Colony ae e (D) on SNA. Colon y sirdes (1) and revwe e of the aiony (1) on POA, All cdores were

ncubused &£ 25 °C e | 0o 2wesdar

5513417723 uminlengd axd 41+ A7-443 2 A6 um in
widah (F 4] Macroconsdia wa s G 0cGSym and obuss, wih 2-m 5-
2 prage. Apical Coll mogpdogy 'was it and rosaded, 2 od ba sl ool
mor gology cfindaca] chadlly Wi 2 nouchad of 2 manded end The
wall of e macracondda acqaind 2 more g kbalar oo be tw ot oo
£ poam and 2nade i e SNA madiam, S poradacdidl condda were
FV9:+58435+4um (ramge Joaggh SNA A
FOA) x5.4: 0560 Q4 um (widd] buahed or wdranched,
Mosoghialides were ofien guie loag, aenerally 40 . Chillowpdos-
pores, siage or in chalns, were obaewved dally Sy gowh wp o
0 days (Fa. 4}

This stody wied the COPSR Daed MIST schames S 0w two
boottrapped single-locus geosalogies (TEF « RF&Z). In addtion,
boostrapping mweded Sut none of e indvided e oedogies
convaicted S monoplyly of S spec e, COPSR-Dased analyses
Indicaed Sat HOFS competses 2 phnfogens O ly disSng © species,

Troogly suppored wsing Bayesian infrence (B} analysis, locaed
& 0 bae of 2w A 3.

Tax ana sy

Fuiariewm riggasdesie Roca, Ramieez Lasuiidn, Valente, Fuon-
2, van Diepeniogen, Coldani, sp. now The type szain KUMG
OM FI1250, depasited & Ow Micwomaniams, DNA and Cells
Caile ction of Mina: Gerais Federdl Univerdty. Alio, was deposited
& the mycology collaction of Pernambuco Federal Universiny
unde 1 acoession nudey URM-735 L The Mycodank numder is MB
214515

Eymalogy

The name of the new spedes & rdamd © the geogaphicd
lacagion of e type strain (R0 Grande do Sulstae, Braall), caudng
a human infecson
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g A 7 rogronden srp v Inmiconapy (e micogagh, lasophwnol common blue 124n) with abundas mucmoconid a (2-5- wprass] mdrane mcoandasipokd s
(0-1-aeprase | cbrved by micocusvaron fmm a [0-day-old @iibr e anddophones and conidia £ om poradadda on POALA ) macmnn ki forms with bncapgiad and
Burdy noeced Bl collnan C LA (W), tooe mrue ool d ax howed mone mo nded shape on the L casion 1of the speaon SNALC) [« 400 hae 75 am L Macoconida 4 « Feaner
unmicroaaida (o pogsh and monophialdes on SNA (D)« 1000 dae 30 pml Chivrydonp oom I paies (1) or sagly (7] on SNA [« 400 har 75 am)

Avifngal sexepaidiley

In Witro stodies demodatarad $hat AMB was She most xtve
Ay, Sollowed by VRC ITC and FIC The values of mindmum
inhRitoyy codematon were I pgiml, 8 pgiml, > 64 ugiml
and > 64 ugimil respec Svely. AnSfungal activity i dmier o the
species of its camplex showing low sencitivity » the firs
S neration 142200, and Food MeactAty 10 The Second gene raton
ianle and polyens (Figi 3 and 4 Table 1)anshugal gesas

Rearive spedies may cawse nvasive sinusitks n im avoanoc am-
promicad hoat The clinical manife s Sons of fusarial sinusits are
infainguiduble fram Swce cassed by Agpegills o
Muooss species. Neorocks of e mudosa & 2 hallmarkand & 2
crseguence of the angolwasive manwe o 2 dwse
mycoses (10 Risk Qoross for severe fosarionis incdlode prdonged
neumopenia and T-osl Immmunodefi Gency. The pencipal pontal of
ey for Reiariam spp. Bthe Jiraa ys, Sollowed by e siin at siteo!
metue breakdown and possibly the mucosal memdranes

The pesent study identifiad and desaries F. riggasdrse sp.
nv, 2 nowel species parhogenic 1o humans in 2 padent with
Teukemia. We combined morphaiogical and molecular charxes
D descriDe Tt nw Spec ies, Inchuding MSLT with RPEZ TEF- 1a and
SR regions. Al quedies showed similasty beow 93X,
Indc ating the quesies sequences are foamn 2 novel spacies widin
e F. solored speches com e . TEF- 1o and RFEZ gpnes were wiad S
dryloge i recrstrecton becaste they am the maos informa-
ove genes for Resariem [11]. Ferhamore, severdl studies have
shown tha TEF-fa and RPE2 dawe the highes dsaiminavay
wer in dlineating FSSC wsing comparative sequinde analyses
[12-34]. These wchoigues were wied © Selmit spocies and ©
esTmate the odic and plylgenesic elaedness of the kdawe,
avciding the ITS or LSU reghans [115)

Traditosa Ry, plant pahogens within FSSC wer named afer
heir hoat plant x5 Rerea pacials (Csp) onthar host These frma
epecials o FSC are Bsumed 10 comespond © bickgically and
grylogeaetically distior spacies | 16] Some spacies of FSSC e
own D e weak plant pathoge s S T cause fralt iof of cud whars,
and aw equivalent  the group onown histarsca By & “Fearkm ip.
L 5p cotubitae Qe 2°, alang with the species “Fusademsp. L 5p.
crwhime Race 17, which & an unrelaed species St infecs
oY, sters and fraim [17]. lemstogly, plad pathogeniciny

experiments have established thar FSSC molaes fram human
infections are often patogenic 1o curoudits [15] Therefare,
Conside fing the corservative orinwia of geosalogical concardance
for phylgenetc Peches recynition and in Impaunce as a
human pahogen, we formally descride 2 new Renrbon species,
and desiganed & Rugriun fogrand: ise This new spec ies bedangs
tocade 3 ofthe FSSC pinfogenstic anayses provide clear evidonce
Tor an ingeoup rela Sonship of F, riggraatesie ( HOF3 ywith FRSC 10,2
andb(= NERL 22153 a0d 22048 ), which were previowsly descoribed
as pathoge nic fungl © humans and plant: [19]. The plnloge netic
tree was constnd Bd wing 23 1 Fusarium sequences and two docd
datsers TEF-Sa and RF8Z, and foaned Swee highly supparted
clees, designated 1, 2 and 3. The dade 3 camprises several
clinically imposant species, soch & £, falcforse, F. pevaliphilen,
F. leraoplasiosn, and F. kchenicala, a3 repored in other stodies
1121920] Pang e 4 found Sat Al the PSC kaawes from
Drtam s we e It ies of 2 previously definad major ¢ lade within
the complex { “clade 3°){ 12} Only two pecies within clade 3 have
been greviowsly shown © be pathegenic © bofh humans and
plant and these include FSSC 1 (Informa Ry inown the Rusarium
sp. € spCocuiitae race 2) and FRSC 8 (Ruarien aosmasgori s
lunt e Neocasmaspora vasieferm ) [ 19,

After the 2011 meesng of the Nomendlinwre Session of the
Botanical Congyess In Medowrre, it was decidad 21 S shauld
be ane name for each fungees with e bankhment of the dud
nome ol d syste o for ana marph and wseam anph fungg 1211 We
decided © fillow the arguments by Geiser & al © maintain
Fusariem & O sdie name Sx S gones Thewfom, e mew speces
B dsothed & F rogandese, and it beongs 1o Swe FSSC 22]

The shared chuQCersies of S new species with Toce of the
FSSCcanian of S deweiopment of conkdia an Joag monaphia Bdes
of 2w aerial mycellum. This micross apic cha QoeEnic & rautinsy
used in oader © entiy fungd olased foan ¢ linical samples, bt
the overall shortage of Glagnoatic mogphology dhuaoes canpli-
cates S Sepa@oon of similyr spacikes and T description of ew
species in e F55C based on morphaogy alone | 23],

Conibdering all Dese Jspects, desciption of 2 novel species in
camplex F. wdaed in luding F. riggandseie wlies ona cambinason
of dunoedaics induding phenotypic and modecular charate-
rEics (Tatie 1) F orivgrandesie podoced consdia and consdio-
phores with shapes and dimensions typical Sor the dassic
marphological concept of F. salaed 124]. Other members of the
F. wolonl famlly were shown © have severdl charaterksics in



120

P R LR L L RS L P LS PR LELLE 13 | L a2

i, Such a5 e growdh @ of v coddy ot 240 and aler
T h o culiraton in PIA, & well & & maonsopic darace-
s in SDA [I5] F. ragesdieme and othe Roorisw spp,
spnrheines 4 rad pigment, which was pEdmly decibed B
ik e in in F, il aurodisarin In F ot and in o
PRSI et (24

Irvwazsite P i indecfions 2 evmem ey Qiffioult o e with
it i T I A i B e e i 2 2 et
of it e nded fod st of Seep and dieminatad
Fecamisem bngf omions [25-23]. In geneml, Renstem qpp. shows highin
ST RS e D vl e amifng ] Ao, B oy anobe, Bt
altts arhineiaiie and polyene In oo smdy we have obne el
high MICE for mooraaed and fleconade. Amphoesdn B
folovmnad by workconamods wene the mest aodve antifungl agent
afainst our new spechs of Rl conskoe with prewios
o o v o e Pl et ol W L pviciss ST
have showmn thar specdes and sminepadfic diffwends in
anGifungal swsoepbdiy e within Feanism. Sesoeprililing nest-
lirgg k5 Eripnt in Shis seming and m i he progrss of
e s s (29

In um marg, wie deoribed phenaypc and mdeoular J5pans,
and suscepribiling poodle of 3 now pahogenic Raanien spece
daned fmam 2 clinecal sample of an SR GGz
Mo, Forded ssssment o the ecolgic, epalemacdagic, and
ocinuical e maanss o e o ca g v s o it S rpuind

o i v eminecyiion droam oot ondvn nfeclions cauned by
ol Fesamiaam: Spacies.

IO beriire: ol il are st

Tt awdhocrs o L thar ety Tt e Coamipee g ERTesL.
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Artigo 6:

Invasive Fusariosis: correlation between morphological e molecular Fusarium species
(Medical Mycology; FI=2,8).
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Abstract

Invasive fusariosis (IF) is considered an emerging fungal disease and an important
problem worldwide, affecting increasingly immunocompromised individuals, mainly
patients with hematologic malignancies. The aim of this study is to characterize
morphologically and molecularly the isolates of Fusarium species, in order to acquire the
understanding of the phylogeny that genus and establish a solid taxonomic platform for
the causative agents of IF, mainly in order to facilitate identification in the laboratory
routine. Multilocus sequence typing (MLST) was performed on the following genes:
second largest subunit of the RNA polymerase gene (RPB2) and the elongation factor 1
alpha (EF-1a). Morphological and molecular phylogenetic analyzes revealed that these
isolates were F. solani species complex (FSSC, n = 16) and F. oxysporum species
complex (FOSC, n = 5); FSSC-2h, FSSC-land FOSC-183 were the most frequent
sequence type. In conclusion, our study indicated that FSSC was the most common
etiological agent of IF in Brazil, and the distribution of phylogenetic species in FSSC
isolates from patients with IF had different spectra. Our data will help reveal the infection
characteristics of fusariosis, which will be helpful for appropriate diagnosis to achieve

better prognosis.

Key words: Fusarium; genotyping; MLST; molecular epidemiology; morphology
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Introduction

Invasive Fusariosis (IF) is a mycosis caused by infection with Fusarium spp., that
affects immunocompromised patients [1], mainly patients with hematologic malignancies
and hematopoietic cell transplant recipients [2]. Thereby, the increasing cases of this
infections pose a significant challenge to infectious disease specialists because, except
posaconazole [3], most species show high levels of resistance to all antifungals currently

available [4].

The genus Fusarium is a large group of hyaline fungi that are ubiquitously present in
the soil, water and air, both in temperate and in tropical climates [5], The potential of
nosocomial transmission has recently been raised, especially concerning the high

mortality rate of ~90% in patients with prolonged and severe neutropenia [6].

The diagnosis of Fusarium in the laboratory includes some criteria such a positive
direct mycological examination showing typical septated hyphae branching at 45°.
However, the identification this fungal to the species level is often difficult and requires
a specialized laboratory and skilled personnel. Fusarium cultures are characterized by
their usually fast-growing, pale or bright-colored, colonies with sparse and floccose to
lanose aerial mycelium. The diameter of the colonies after 7-10 days incubation at 25 °C
and their gross morphology and pigmentation are important characteristics in the
identification of the taxa. Most Fusarium species are best identified from cultures grown
on potato dextrose agar (PDA). Recent studies have also shown the value of media with
low nutrient concentrations such as Synthetic Nutrient Agar (SNA) for good development
of microscopic features and it is also the medium of choice of several taxonomists [7-9].
The cultures need incubation at 25 °C. The presence of chlamydospores, characteristic of

some species, at times, requires longer periods of incubation [10].

However, numerous recent studies have shown that morphology alone is not
always enough to determine and characterize cryptic species, and identification of a
Fusarium isolate by its phenotype or only to section level might be erroneous in as many
as 50 % of cases [11]. MLST is a highly accurate method used to distinguish between
isolates of microbial species, which are available in Fusarium-ID and Fusarium-MLST
databases [12,13]. O’Donnell et al. * constructed several multilocus DNA sequence
datasets to assess the phylogenetic diversity and have been widely used to investigate

phylogenetic relationships at the interspecific level. However, the gene EF-/« is already
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in use as a barcode in Hypocreales, e.g. Fusarium [15]. This gene combined with RPB2
were more effectively barcoding markers for precise identification of cultures known to

represent Fusarium species [16].

Molecular biology techniques might be helpful for the definitive diagnosis [17],
such as DNA sequencing, in order to improve identification and are recommended for
epidemiological studies and where morphological identification does not establish
species [18]. In addition, identifying the etiological agent is important for initiating the
proper treatment. The aim of this study is to characterize morphologically and
molecularly the isolates of Fusarium species, in order to acquire the understanding of the
phylogeny that genus and establish a solid taxonomic platform for the causative agents of
IF, mainly in order to facilitate identification in the laboratory routine. Besides that, to
characterize the epidemiological profile of the most prevalent Fusarium species in this
group of patients from Southern Brazil and verify if there is some epidemiological links

between the Fusarium strains or suggest to common source of contamination.
Materials and methods

Isolates analyzed. A total of 21 strains collected from clinical samples were analyzed, as
skin biopsy of the leg, arm, fingers, bone fragment, blood, nasal cavity, and ascites fluid,
all from immunosuppressed patients. Stock cultures were maintained on Sabouraud
dextrose agar (SDA; Kasvi, Italy) plus chloramphenicol at 25 °C in the Laboratory of the
Special Laboratory of Infectious Diseases in the Hospital of Clinics of Porto Alegre
(HCPA). The data sources of isolation are listed in Table 1.

Morphological characterization. To study the pigmentation, growth rates, colors and
characteristics of the colony, all strains were transferred onto fresh plates 8.5 cm Potato
Dextrose Agar (PDA; Liofilchem, Italy) and SDA incubated in growth chambers at 25
°C. Cultures were grown under 12 h light—dark (1/d) cycles daylight colour fluorescent
lights, which were observed daily for growth up to 10 days, colony diameters were
measured using a ruler and the average growth rate per species was calculated and

expressed as colony growth rate per 24 h.

For microscopic observations, all strains were transferred to synthetic nutrient-
poor agar (SNA, home-made at HCPA; KH2PO4 0.1%, KNO3 0.1%, MgS04.7H20
0.05%, KCI 0.05%, Glucose 0.02%, Sucrose 0.02%, agar 2.0%) plates and incubated
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under 12 h alternating light (black/white) at 25°C for 10 days. Conidia were measured
from images taken using a using a ZEISS PALM MicroBeam microscope, digital camera
and PALMRobo 4.6 Pro software. Sporodochial conidium (macroconidium) and aerial
conidium (microconidia) mean length and width were calculated for individual isolates

from measurements of 25 spores.

Molecular characterization. Fungal mycelium was grown in SDA medium, and a small
amount of the mycelia, 5 mm?, was subsequently suspended in 1 mL 0.85% NaCl solution
by extraction of genomic DNA, using Pure link™Genomic DNA Mini kit (USA)
according to the manufacturer’s instructions, followed by DNA quantification in

NanoDrop 2000 (Thermo Scientific, Wilmington, USA).

PCR amplification for multilocus DNA sequencing with EF-/a and RPB2. The
amplification was performed with the Veriti Thermal Cycler (Applied Biosystems, USA)
using a volume of 15 pL, containing 1.46 pL of 10x PCR buffer, 1.0 MgClz uL (50mM),
10.94 uL Distilled Water UltraPure™ (Gibco, USA), 0.58 uL of ANTP mix (2.5mM),
0.18 pL of each primer (10 pmol), 0.09 uL of Platinum® Taq polymerase (5 U/uL), and
1 uL of template DNA (100 ng/pL). The cycling conditions included 34 cycles of 30 s at
94 °C,45sat62 °C and 1.0 min at 72 °C, a post elongation step of 5min at 72 °C for EF-
la (EF1, EF2). The PCR reactions were performed in a volume of 15 puL containing 1.5
pL of 10x PCR buffer, 0.3 of MgClz (50mM), 0.9 uL. of ANTP mix (10 uM), 0.35 pL of
each primer (7Cf /I1AR 20 uM) or 0.48 each primer (5F2/7CR 10uM), 0.12 pL of
Platinum® Tag DNA polymerase (5 U/uL, Invitrogen, Brazil), and Distilled Water
UltraPure™ (Gibco, USA) to complete a volume of 14 uL, and more 1 puL of template
DNA (100 ng/uL). Pre-denaturation for 5 min at 94 °C, 5 cycles of 30 s at 94 °C, 30 s at
57°Cand 30sat72°C, 30 cyclesof 30 sat94 °C, 30sat55°Cand 30sat 72 °C, and a
post elongation step of 5 min at 72 °C for RPB2. The PCR products were visualized by
electrophoresis on 1.5% (w/v) agarose gels. Amplicons were purified using Exo-SAP-IT
(USB Corp., Cleveland, OH) according to manufacturer’s instructions, followed by
sequencing with locus-specific primers using the BigDye Terminator v3.1 Cycle
Sequencing Kit (Applied Biosystems Inc.) in an ABI3500 Genetic analyzer (Applied
Biosystems, USA). Raw sequences were assembled and manually edited in ChromasPro
2.1.6 (http://technelysium.com.au/wp/chromas/). After, the consensus sequence was

compared  with reference  sequences  deposited in Fusarium-MLST


http://www.technelysium.com.au/ChromasPro216Setup.exe
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127

(http://www.cbs.knaw.nl/fusarium/) and via BLAST to sequences in GenBank

(http://www.ncbi.nlm.nih.gov/genbank/).

Results

Table 1 and 2 summarizes the most relevant morphological features useful for
distinguishing these species, which can help those laboratories that have no molecular
facilities for the identification of clinical isolates. According to culture characteristics, the
aerial mycelium which was predominated cream in FSSC. Also presented aerial
mycelium abundant, dense floccose, white (Fig. 1 and 3-5), occasionally greenish (Fig.1,
F5). We observe a great diversity in the colors of the mycelium, with a tendency to be
darker in the center (Fig. 1 and Fig. 5 A). Peach colony appears to be typical of the
Fusarium falciforme and Fusarium keratoplasticum species (Fig. 3 and 4 A). Some
isolates showed brown pigment (F26, F27, and F30) and, others reddish pigment (F10,
F17, F18, F22 and F31) in the SDA culture medium after 14 days. After 21 days, also
pigment on SDA the isolates F5, F6, F7, F8, F10 and F13. Cultures grew fast, the growth
rate (mmv/day) on PDA ranged from 3.89+2.76 to 10.71+£8.10 mmv/day and on SDA
4.44+2.19 to 10.7143.57 mnvday (Table 1). In general, the reverse color of the colony
was different in the media sown. FSSC isolates showed the darkest center in the SDA
medium (Fig. 1 and 5A), however this is observed in the FOSC in PDA (Fig. 6 A).

The hyphae initially hyaline and mycelium became yellowish white; green to
bluish-gray, and purple in reverse after 10 days. The isolates F6, F8, F17, F30 and F32
abundant sickle macroconidia. Sporodochial conidium (macroconidia) and aerial
conidium (microconidia) length and width ranged between, 25-61 x 5.1-6.4 um and 4.9-
8.6 x 1.5- 3.3um, respectively (Table 2). The macroconidia F. falciforme are more
delicate and falcate, mostly with 4 septa and chlamydoconidium in pairs (Fig. 3 B, i.e.
F6). In general, macroconidia long, slender, slightly curved, parallel dorso-ventral sides,
blunt or conical apical cells, papillate basal cells, 3 to 5 septate, mostly 3 septate (Fig. 2
and Fig. 5). The shape of microconidia oval, reniform, elongated oval, and mostly O-
septate (Fig. 2-5), equal to the FOSC. Hyphae on SNA 1.5-5 um wide, long
monophialides and chlamydospores in pairs and in single. Some samples did not produce
macroconidium in 10 days in the SNA, however, in the PDA medium, the presence of
macroconidium in 21 days was verified for samples F 10, F22 and F27.

In the FOSC the majority did not present macroconidia, however abundant
microconidia, in false heads clumping at the end in short monophialides (Fig. 6 B, i.e. F1,

and F11). In general, aerial mycelium cottony, initially pinkish white and later becoming


http://www.cbs.knaw.nl/fusarium/
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light purple in the center. Reverse slightly darker purple (Fig. 6 A). Mesoconidia and
microconidia, length and width ranged between, 5-17 x 2.7-4.6 pum and 3.5-6.2 x 1.4-
3.5um, respectively (Table 2).

DNA sequence data were used to assess the phylogenetic relationships and species
limits of a comprehensive collection of 21 isolates of clinica, demonstrated in the Table
1. The FSSC was most frequent agent group (16 cases, 76.2%), followed by the FOSC (5
cases, 23.8%). Within the FSSC, 10 isolates were F. solani and two were F. falciforme
and F. keratoplasticum, one were F. riograndense and F. petroliphilum. The most
frequent isolates were nasal cavity tissue (n=9) and skin (n=7). Our isolates presented 13
different haplotypes, predominating the haplotype FSSC-2h (n=5), FSSC-1(n=2) and
FOSC-183(n=2).

Discussion

Identification of fungal isolates has long been time based on morphological
characteristics of cultures, and for many laboratories, this is still the standard for
identification. However, many Fusarium species look similar in culture and have been
shown to represent species complexes instead of single species [19]. Important references
for the morphological identification of Fusarium is the classical work of Leslie and
Summerell [7], which classifies the mycelium of FOSC as floccose, sparse or abundant
and range in color from white to pale violet and sporodochia may be sparse or non-
existent, as well as our four isolates (F1, F4, F10 and F11). The only sample that presented
the smallest growth was white mycelium (F4), however, there are reports with the same
growth rate 4.3+ 0.7[20]. The isolated F23 showed macroconidia morphology straight
and relatively slender, tapered and curved with apical cell and basal in pointed, being in

agreement with the study of Hafizi et al.[20].

The characteristics described for the F. keratoplasticum (FSSC) are colony color
on PDA in shades of white, salmon, peach, vinaceous grey and pale olivaceous grey;
reverse pigmentation in shades of pale olivaceous grey, flesh, salmon, olivaceous buff,
ochreous and pale luteous. Colony margin entire to undulate. Aerial mycelium is ranging
from sparse to dense floccose [21]. We found fairly cottony colonies and the reverse
peach in both culture media in our F. keratoplasticum isolates (F27 and F31), similar to
what has been described by Short et al [21]. Microconidia in F. petroliphilum tended to
be slightly rounder than those of F. keratoplasticum at 25°C; previous reports indicate
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that microconidial roundness is enhanced at 37 °C in F. petroliphilum. This is the
predominant species in locally invasive infections in a study carried out at the university
hospital in Turkey [22]. It also presented higher incidence together with F. solani in a
study in Qatar [23] and showed not effective by azoles and echinocandins, leaving only
amphotericin B as potentially effective treatment [24]. F. falciforme (n=14/127 cases;
11%) was the dominant species in a study in Utrecht, being one of the main species
isolated from keratitis cases in Brazil, India, and Mexico [6]. Among the different species
of FSSC, we also found Fusarium riograndense , which exhibits sickle and robust

macroconidia [25] .

In FSSC, exist a greater variation of tones, cream to greenish or orange [20,26,27].
Cultures grew fast, the growth rate (mmvday) on PDA at 25 °C in intermittent light ranged
from 7.8 to 8.6 mnvday. The hyphae initially hyaline and mycelium became yellowish
white and green to bluish-gray in reverse after 1-2 weeks [28]. Sporodochia often are
produced in abundance, produce pigments in the agar although some violet or brown
pigments may be observed [29,30]. Similarly, 13/16 of our FSSC isolates. Both
complexes have colonies growing rapidly [31]. Shape macroconidia are rounded and
curved size 30-50 x 3.5-5.7 um in F. solani [30]. Similar to F. keratoplasticum, which
are notched and blunt 32-37 x 4.6-4.9 um [28]. However, F. falciforme the macroconidia
are barely notched and pointed or curved, 3- and 4-septate, 39 - 43 x 4.5-5.5 um [32].
Most species of this complex produce pigments as secondary metabolites [21]. All data
in the literature are in agreement with that of our study.

In relation to the macroconidium of this complex, general morphology is relatively
wide, straight, stout and robust, with 5- to 7-septate. Monophialides, often quite long [7].
Apical Cell morphology is blunt and/or rounded and basal cell morphology cylindrical is
usually with a notched or a rounded end (Barely notched and papillate curved) [32].
Microconidia shape oval, elongated oval, clavate, reniform and fusiform with 0 or 1,
rarely 2 septate [32,33].

The FOSC appears to be particularly different from the FSSC in two main aspects,
first with its lilac mycelium and secondly by the abundance of microconidia and absence
of sickle macroconidia. Microscopically, F. oxysporum have chlamydospore shape
smooth, microconidia on short and often lateral phialides [10]; and in general their
microconidia are abundant [31], have the very similar format, as oval or elliptical shaped
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[30] and usually O-septate [7]. Also, aerial mycelium presentation false heads, short

monophialides, according Leslie & Summerell [7].

In this study, biological characterization, including culture morphology, and
molecular study were used to compare isolates of Fusarium associated IF. The respiratory
tract (nasopharynx, 42.8%) was significantly more involved among patients, as well as in
other studies [34,35]. One of the interesting features of fusarial infection was the
involvement of skin (33.3%), especially the legs (83.3%). It has also been reported that
skin involvement in fusariosis can represent a primary site of infection [36,37]. Skin
involvement in fusariosis was present in 181 patients (70%) among 259 published cases
of fusariosis (232 immunocompromised and 27 immunocompetent) [2]. It has been
recommended that clinicians treating patients at high risk for invasive fusariosis undergo
a thorough evaluation and treat skin lesions (particularly onychomycosis) before

commencing antineoplastic therapy [37].

Other studies have shown that approximately 60% of all human infections are
caused by members of the F. solani species complex (FSSC) and 20 % by the F.
oxysporum species complex (FOSC) [31], similarly to our findings. The FSSC contains
many opportunistic species (e.g., F. falciforme, F. keratoplasticum, and F. petroliphilum)
with high prevalence, but other Fusarium groups are also important, such as F.
oxysporum, F. verticillioides and F. proliferatum [38]. Clinically important sequence
types (STs) within F. keratoplasticum and other fusaria appear to be ubiquitous in indoor
plumbing [39]. Most frequent haplotypes or STs described in the Southeast region of
Brazil for IF are FSSC 2-d and FSSC 2-f, in the immunosuppressed patients in the bone
marrow transplant unit and dermatology outpatients [40]. In contrast, we found FSSC-2h,
followed by FSSC-1a.

Members of the F. oxysporum species complex (e.g., FOSC ST 33) and the FSSC,
specifically F. petroliphilum (e.g., FSSC 1-a) and F. keratoplasticum (e.g., FSSC 2-d) are
the fusaria most commonly identified in hospital water systems employing MLST[39].
Distribution of the phylogenetic species of FSSC isolates from patients with IF in Japan

most frequent are F. keratoplasticum (FSSC 2) and Fusarium sp. (FSSC5) [41].

In 2005 and 2006, outbreaks of Fusarium keratitis in U.S. states and Puerto Rico,
the members of the FSSC comprised 61.8% of the isolates, specifically, FSSC haplotypes
1-a and 2-d [42]. In Keratitis in Brazil, the most common haplotypes are FSSC 1-b and
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FOSC-2 [43]. In onychomycosis in Colombia, the most common haplotypes are FSSC 2-
d and FSSC 2-k [11]. More than 14 haplotypes were described as more frequent in
mycoses of humans and other vertebrates and exhibited transoceanic distributions (i.e.,
FSSC 1-a, 2-f, 2-h, 2-i, 3 + 4-bb, 3 + 4-hh , 3 + 4-vv, 3 + 4-w, 5-e, 5-f, 5-h, 5-n, 6-j, and
9-a) [44].

In this way, we perform the identification and characterization through
morphological approaches and MLST scheme to determine the genetic diversity of
isolates and it was possible to distinguish the isolates in two large complexes.
Unfortunately, the classification system based only on morphology has not provided an
accurate tool for the identification of Fusarium at the species level within the FSSC. So,
the molecular approach is promising in establishing accuracy in the diagnosis of medical
mycology. The FSSC group with mycelium varying from cream to brownish greenish
tones and with macroconidia, and the second FOSC group observed mycelial tones
ranging from white to purple, predominantly microconidia and short phialides.
Molecularly we observed a predominance of haplotype FSSC 2-h, which exhibit
mycelium of similar color tones. However, the other predominant haplotype had no
macroscopically in common feature (FSSC 1-a). The predominance of the isolates were
from the nasal cavity and the skin, we are led to believe that the source of contamination
is through the air, being acquired through breathing. And the second form of infection is
possibly the direct contact with the inoculating source through a mechanical accident,
breaking the physical barrier of the skin.
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Fig. 1. Colony pigmentation of ten isolates of Fusarium solani grown on PDA (left) and

on SDA (ride). Reverse view and top view, respectively.
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Fig. 2. Hyphae, macroconidia apical blunt and basal papillate (F5, F7, and F32),

microconidia oval and reniform of Fusarium solani (F5, F7 and F26). Microconidia in
round false heads on relatively long monophialides (F18 and F26). Macroconidium
abundant 3-septate and also, in the format of the letter “C”, microconidia elongated oval
0-1 septo (F32). All from 10 d old SNA cultures. Mounted in lactic acid/cotton blue.
Majority scale bars is 100 pum, all others in 75 pm.
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Fig. 3. Colony pigmentation of isolates of Fusarium falciforme grown on PDA (left) and
on SDA (ride). Reverse view and top view, respectively (A). Hyphae, falciforme
macroconidia and chlamydospores in pairs (F6; B). Microconidia elongated oval and
reniform, 0-1septate, and microconidia in situ (F8, B). All from 10 d old SNA cultures.

Mounted in lactic acid/cotton blue. Scale bars is 100 um.
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Fig. 4. Colony pigmentation of isolates of Fusarium keratoplasticum grown on PDA (left)

and on SDA (ride). Reverse view and top view, respectively. Hyphae and microconidia
oval, elongated oval and reniform, 0-1septate. All from 10 d old SNA cultures. Mounted

in saline solution and in lactic acid/cotton blue. Scale bars is 100 um and 75 pm (B).
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Fig. 5. Colony pigmentation of isolates of Fusarium riograndense (F17) and Fusarium
petroliphilum grown (F30) on PDA (left) and on SDA (ride). Reverse view and top view,
respectively (A). Hyphae, macroconidia with apical cell morphology blunt, 3-5-septate.
Microconidia oval and ellipsoid with 0-1 septate. All from 10 d old SNA cultures.
Mounted in lactic acid/cotton blue. Scale bars is 100 pm and 75 um (B).
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Fig. 6. Colony pigmentation of five isolates of Fusarium oxysporum complex grown on
PDA (left) and on SDA (ride). Reverse view and top view, respectively. Short
monophialides that arise directly from hyphae and ovoidal to ellipsoidal microconidia
formed in heads by monophialides dispersed in the aerial mycelium (F1 and F11; B).
Hyphae, macroconidia, and microconidia (F23; B). All from 10 d old SNA cultures.
Mounted in lactic acid/cotton blue. Scale bars is 100 pm and 200 pm.
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ABSTRACT

Recently, invasive fusariosis (IF) have increased dramatically in immunocompromised
hosts, mainly in patients with haematological malignancies and in transplant recipients.
The remarkable intrinsic resistance of Fusarium species to most antifungal agents results
in high mortality rates in this patient population. The aim of this work was improved
understanding of IF epidemiology, describe clinical characteristics, shedding light on
sources of infection, and determine correlations between clinical outcomes and antifungal
susceptibility. A total of 27 cases of IF occurring from January 2008 to June 2017 in a
reference hospital in south of Brazil. Antifungal susceptibility testing of isolates was
performed by broth microdilution according to the Clinical and Laboratory Standards
Institute (CLSI) methodology. Hematologic malignancy was the predominant underlying
condition. The nasopharynx and skin were the predominant sites of infection. The
Fusarium solani species complex (FSSC) were the most frequent species, followed by
the Fusarium oxysporum species complex (FOSC) isolated in those patients.
Voriconazole (VRC) had the best activity for Fusarium spp., followed by amphotericin
B (AMB). lItraconazole (ITC) and fluconazole (FLC) showed high MIC values,
displaying in vitro resistance. Clinical isolates FSSC were significantly (P <0.05) more
resistant to AMB and VRC, than the FOSC isolates. The present antifungal susceptibility
profiles showed that species- and strain-specific differences in antifungal susceptibility
exist within Fusarium in this setting. Susceptibility testing is an important tool for
appropriate management in patients with invasive fusariosis and improve of their

prognosis.

Keywords: Antifungal Susceptibility, Fusarium solani species complex, F. oxysporum

species complex, Invasive Fusariosis
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INTRODUCTION

Invasive fungal infections are a major medical problem, particularly among
immunocompromised hosts such as patients with hematological malignancies[1,2] or
solid organ transplant or peritoneal dialysis [3,4]. This reflects in severe morbidity and
the high mortality, with the rate of ~90% in patients with prolonged and grave neutropenia
by Fusarium infections [5]. Fusariosis is acquired by inhalation of conidia, with
subsequent hematogenous dissemination[6]. In addition, the skin may occasionally be a
portal of entry, from tissue breakdown or onychomycosis [7-11].

Over the past decade, the number of cases of invasive fusariosis (IF) has increased
worldwide [10] (Fig. 1). A total of 76 cases were collected from seven European
countries, to which the Italian contribution accounted for more than 60 % of the cases,
that G. fujikuroi SC is the predominant cause of deep infections and that different species
have different antifungal in vitro susceptibility patterns[12]. In Paris, France, one-third of
cases is caused by FSSC, followed by FOSC, F. dimerum species complex (FDSC), or
rarely by F. incarnatum-F. equiseti species complex (FIESC) [13]. Another important
point is the high in vitro resistance to antifungal agents and intrinsic resistance. Besides,
different species have been shown to have different patterns of susceptibility [12].
Fusarium species are usually resistant to most antifungals; in vitro studies have shown
lower MICs of amphotericin B, nystatin, ketoconazole, voriconazole and posaconazole
[14].

Fusarium species are intrinsically resistant to azole antifungals [15]. F. solani, in
particular, is intrinsically resistant to echinocandins [16]. Recently, diagnostic guidelines
recommend amphotericin B and voriconazole as the preferred drugs of choice for
treatment of deep and disseminated infections [13,17]. However, F. nygamai and F.
thapsinum had high MICs of all drugs other than amphotericin B and natamycin,
emphasizing that identification and susceptibility testing of aetiological agents is essential
for initiating therapy[18].

Invasive fusariosis is a major cosmopolitan problem, there are few studies on the
epidemiology of this disease in Brazil, and have no studies in the region in Southern of
Brazil. The objective of our study is improved understanding of IF epidemiology,
describe clinical characteristics, shedding light on sources of infection, and determine

correlations between clinical outcomes and antifungal susceptibility.
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MATERIALS AND METHODS
Patients and methods

This study was conducted at the University Hospital, Hospital de Clinicas de Porto
Alegre (HCPA), Brazil. January 2008 to June 2017 by searching the records of the clinical
microbiology laboratory with total of 27 patients with invasive fusariosis (one case in
2013 and 2017; two cases in 2015, three cases in 2008 and 2010, four cases in 2009, 2014
and 2016; five cases in 2011). We collected the data by reviewing the medical records of
the patients considering their baseline characteristics, underlying diseases, treatment
modalities, and outcome, and mycological cultures positive for Fusarium. The isolates
were obtained from a variety of clinical specimens. Nineteen strains were isolated from
as skin biopsy of the leg, arm, fingers, bone fragment, blood, nasal cavity, and ascites
fluid, all from immunosuppressed patients (Table 1). Isolates were of the species F.
oxysporum (n=5), F. solani (n=10), F. keratoplasticum (n=2), F. falciforme (n=2),
F.petroliphilum (n=1), F. riograndense (n=1) and Fusarium sp. (n=6).

Antifungal susceptibility

The clinical isolates were evaluated for susceptibility to voriconazole (VRC;
Sigma-Aldrich, USA), itraconazole (ITC; Sigma-Aldrich, USA), amphotericin B (AMB;
Sigma-Aldrich, USA), and fluconazole (FLC; Sigma-Aldrich, USA). Minimal inhibitory
concentrations (MICs) were determined according to the Clinical and Laboratory
Standards Institute (CLSI) broth microdilution method for filamentous fungi, M38-A2
[19]. The MIC was defined as the lowest concentration exhibiting 100 % visual inhibition
of growth as compared to the drug-free control well [19], and the tests were done in
duplicate. The quality control (QC) isolates Candida krusei (ATCC 6258) and Candida
parapsilosis (ATCC 22019), were included as controls of methodology with MIC ranges
established limits [19]. The interpretation of our results are in accordance with Espinel-
Ingroff et al. [20], which followed the CLSI guidelines for epidemiological cutoff values
(ECVs). Therefore, considering > 97.5% of pooled statistically modeled MIC
distributions and defined the ECVs: for amphotericin B, 8 pg/ml (FOSC and FSSC); for
voriconazole, 16 pg / ml (FOSC), and 32 pg / ml (FSSC); and for itraconazole, 32 ug /
ml (FOSC and FSSC).
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Statistical analysis

Data analysis was performed with SPSS statistical package release 11.01. Groups
(FSSC and FOSC) were compared with chi-squared or adjusted residual test for
categorical variables and the Mann-Whitney test for non- parametric continuous
variables. Epidemiological data were compared using the Chi-square test. The Mann-
Whitney test was used to evaluate if there was any difference in MIC values against the
different antifungal agents tested in the comparison between the FSSC and FOSC
complexes; differences were considered statistically significant at a p-value of < 0.05.

RESULTS

During the last ten years, 27 cases of invasive fusariosis were obtained. All
patients were identified with invasive fusariosis, see Table 1. Most were descendants of
Caucasians (88.9%) living in the metropolitan region of Porto Alegre located in southern
Brazil. The mean age was 22.7 years (2-73 years). The infection was more prevalent in
males (56%) than in females (44%). The nasopharynx (33%) and skin (33%) especially
the legs (62.5%) were significantly more involved among patients. Blood culture was

positive in 18.5 % of the patients.

The underlying causes of the immunodeficiency were hematologic malignancies
(63%), including acute myeloid leukema (AML, n=7) and acute lymphoid leukemia
(ALL, n=7). The prevalence of fusariosis was 14.8 cases per 1,000 in patients with ALL
and 13.1 cases per 1,000 in patients with AML in this period from 2008-2017.

Most of the patients were treated with voriconazole and amphotercin B, with an
overall mortality rate of 40%. Duration of treatment ranged from 5 to 120 days (mean,

22.6 days). Specific therapy was unrecorded for three patients.

The FSSC was most frequent agent Fusarium species (16 cases, 76.2%), followed
by the FOSC (5 cases, 23.8%). Members of the FFSC were the most frequent etiological
agents in patients with hematological disease (14/16, 87.5%). Within the FSSC, 10
isolates were F. solani, two were F. falciforme and F. keratoplasticum; One were F.

petroliphilum and F. riograndense.
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Geometric means (GMs), mode and MIC ranges of four antifungal agents are
shown in Table 2. Clinical strains displayed resistance to AMB (n=5/16; 31.25%), with
EVC >8 pg/mL (Fig. 2 A). All strains showed high MICs for fluconazole and
itraconazole. VRC had the best activity, followed by AMB, the MIC ranges for VRC and
AMB were 0.25-32 pg/ml and 1-16, respectively (Table 2). Clinical isolates FSSC were
significantly (P <0.05) more resistant to AMB and VRC, than the FOSC isolates (Fig. 2).
Twenty seven clinical isolates were susceptible to AMB; AMB MICs >8 pg/ml were

documented for F. falciforme (2 of 2), F. solani (9 of 12), F. oxysporum (3 of 5).

DISCUSSION

We analyzed the relationship of Fusarium species with their in vitro susceptibility
profile for four different antifungal agents in patients with invasive fusariosis. The
determination of the pathogen at the species level and its susceptibility to the main
antifungal agents are important for epidemiological studies and appropriate management
for this difficult-to-treat infection. FSSC was the most frequent agent group (16 cases,
76.2%), followed by the FOSC (5 cases, 23.8%) isolated in our patients. Within the FSSC,
10 isolates were F. solani, two isolates were F. falciforme and two isolates F.
keratoplasticum. Previous studies have identified FSSC as the predominant species
complex in hematologic patients with invasive fusariosis in Brazil [21,22]. Also, in
Italy[1,2], in Israeli[3] and in Frace[13]. In recent study in a turkish university hospital,
F. fujikuroi species complex (FFSC) proved to be the most frequent agent group (17
cases; 51 %) in patients with invasive fusariosis, followed by FSSC (14 cases; 42 %) [23].
In an epidemiological survey of Fusarium infections in Europe, disseminated disease was
considered proven in 46 cases and probable in 17 cases. Localised infection was seen in
13 cases F. fujikuroi species complex (SC), including F. verticillioides and F.
proliferatum, and F. solani SC were the most frequent etiology of disseminated and
localised infections, respectively [12].

Joint guidelines on the treatment of hyalohyphomycoses recommend AMB and
VRC for the treatment of systemic fusariosis [23]. In the present study, treatments
voriconazole combined with amphotericin B (1) and voriconazole were most effective,
they presented the highest rates if treatment survival. A similar proportion of patients

received monotherapy vs. combination therapy as initial therapy. For monotherapy,
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voriconazole formulation was most commonly used. For combination therapy,
voriconazole with an amphotericin B formulation was most commonly administered, with
the highest survival rates, 77.8 and 66.7%, respectively. By making a connection between
the MIC, treatment and evolution of the patient, we had two cases of patients who died,
F13 and F22, infected by F.solani and who received treatment with amphotericin and
voriconazole. Isolates of the same were shown resistant in the susceptibility profile test,
or with reduced susceptibility to the VRC. In general, patients who presented a positive
evolution to the treatment also showed a sensitivity to these drugs (83.3%), presenting

MIC values below the cut-off point suggested to their complexes.

Voriconazole was approved for the therapy of Fusarium infections in 2002 [13].
This medication is used prophylactically against Fusarium spp. in these study patients. In
addition to antifungal treatment, strategies to improve the host defenses and surgical
intervention to remove necrotic tissue are important measures that may improve the
prognosis of these patients. Resistant profiles to AMB and VRC, which are the currently
recommended agents in the guidelines for treatments, and a late diagnosis may be
associated with the high mortality rate in immunocompromised patients [24].

It is essential to evaluate the susceptibility profile of Fusarium species in patients
with invasive fusariosis because most of the antifungals currently available exhibit such
poor in vitro activity and fusarioses involving hematogenous dissemination results in a
high mortality [2]. Considering the azoles susceptibility, FSSC isolates have higher MICs
for VRC than FOSC [20,25]. In our study, FSSC complexes were also more resistant than
FOSC to voriconazole. As expected, our Fusarium isolates did not show activity for FLC
and ITC. In fact, only 5 isolates presented MIC < 64 pg/mL for ITC. Previous studies
have shown that FLC and ITC have no activity against Fusarium species [20,2]. Similar
to previous described, F. solani isolated in our patients exhibited higher amphotericin B
MICs than other Fusarium spp.

Consistent with observations in the literature, most patients with invasive
fusariosis in this analysis had hematologic malignancy. One of the interesting features of
fusarial infection in our study was the involvement of skin, nasopharynx, and a significant
number of positive blood cultures as previously described in studies [26]. Only 7.4% of
our patients were HIV positive, which is an uncommon event in this setting. In fact, the

first case report of disseminated fusarial infection in an HIV-positive patient described in
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the year 2000 [27]. Isolation of Fusarium in the respiratory tract was rare among our
patients. In fact, fusarial pneumonia occurs almost exclusively in severely
immunocompromised patients, especially patients with acute leucemia, and recipients of

allogeneic cell transplantation.

Because Fusarium species are intrinsically resistant to most antifungal drugs, new
approaches are needed for this difficult-to-treat opportunistic mycosis. This study was
relevant to establish epidemiological features the of invasive fusariosis, and more
importantly, to identify Fusarium isolates at species-level and testing them for antifungal
susceptibility in the context of invasive fusariosis. Antifungal susceptibilities of isolates
causing invasive fusariosis should be determined in all cases to ensure the accurate choice
of drug enabling the successful therapy and proper management of the patient. It is
important to improve the knowledge and to promote the importance of mycological tests

in the aim of an appropriate treatment.
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Figure and Table

Hematological malignancy (72.3%) 6.
Incidence of <0.3% 1.

The mortality rates among patients with disseminated, skin, and
pulmonary fusariosis were 50%, 40%, and 37.5%, respectively 1n
a study in Massachusetts General Hospital, Boston, MA and F.
solani was the most frequent specie ©.

Increase 1n the mcidence of mmvasive ~
fusariosis from 0.08% admissions
between 2000 and 2005 to 1.02 %
between 2006 and 20102 .

E solani (49% cases). In a prospective study
conducted in 22 centers in Argentina, invasive
fusariosis accounted for 14 % cases .
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Hematologic malignancy (prevalence of 0.1%)
Acute myeloid leukemia (prevalence of 0.4%)
Hematopoietic cell transplantation recipients
(prevalence of 0.24%) 12

Acute leukemia (incidence of 0.06%) .

Israeli: FSSC and FOSC! P
Ttaly: FSSC, FOSC, and FFSC7
Frace: FSSC, FOSC, FDSC!3

FIG. 1: Epidemiological characteristics of invasive fusariosis
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FIG. 2:
Susceptibility profile of Fusarium solani species complex (FSSC) and Fusarium
oxysporum complex (FOSC) for amphoterina and voricolazole, following by Espinel-

Ingroff et al. 2016 proposed epidemiological cutoff values (ECVs) of Fusarium spp.
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TABLE 1: Epidemiological profile of Fusarium species as Invasive Fusariosis agent
and characteristics of patients living in South of Brazil.

Species complex Code Sex Race Patient Origin
FSSC

F. solani F5 M C Porto Alegre

F. solani F7 M C Campo Novo

F. solani F10 M C Novo Hamburgo

F. solani F13 F C Porto Alegre

F. solani F14 F C Santa Cruz do Sul

F. riograndense F17 M C Sapucaia do Sul

F. solani F18 M C Imbé

F. solani F19 M A Porto Alegre

F. solani F22 F C Porto Alegre

F. solani F26 M C Uruguaiana

F. petroliphilum F30 F C Séo Leopoldo

F. solani F32 F A Porto Alegre

F. keratoplasticum F27 F C Novo Hamburgo

F. keratoplasticum F31 H C Feliz

F. falciforme F6 M B Sao Jerdnimo

F. falciforme F8 F C Santo Antonio da Patrulha
FOSC

F. oxysporum F1 M C Porto Alegre

F. oxysporum F4 F C Putinga

F. oxysporum F11 M C Viamao

F. oxysporum F12 M C Jabot&o dos Guarapés
F. oxysporum F23 M C Porto Alegre
Fusarium sp. Al F C Séo Lourengo do Sul
Fusarium sp. A2 F C Porto Alegre
Fusarium sp. A3 M C Novo Hamburgo
Fusarium sp. A4 F C Nova Santa Rita
Fusarium sp. A5 F C Guaiba

Fusarium sp. A6 M C Glorinha

*F=femea; M=male; C=caucasian; A=afrodescendant; B=brown; ABL=Alveolar bronchial lavage;
AML=Acute myeloid leukemia; ALL=Acute leukemia; HL=Hodgkin lymphoma; NHL=Non-Hodgkin
lymphoma; CML=Cronic myeloid leukemia; MN=Malignant neoplasm; SEL= spinal epidural lymp
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TABLE 2. Minimum Inhibitory Concentrations (MICs) of antifungals agents for Fusarium solani species complex (FSSC) and

Fusarium oxysporum complex (FOSC)

Species (n° of isolates) Amphotericin B Voriconazole Itraconazole Fluconazole

FSSC Range GM Mode Range GM Mode Range GM  Mode Range GM Mode
Fusarium solani (10) 1.0-16 69 4 1.0-32 10.1 8 8.0->128 984 128 =128 128 >128
Fusarium Keratoplasticum (2) 16 16 16-32 24 16 -=>128 72 >128 128 >128
Fusarium falciforme (2) 2.0-40 3 8 8 =128 128 >128 128 >128
Fusarium petroliphilum (1) 1.0 16 64 =128

Fusarium riograndense (1) 1.0 8 >128 >128

FOSC

Fusarium oxysporum (5) 1.0-8.0 8258 0.25-8 2.65 2 32->128 108.8 128 64->128 1152 =128
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8.CONSIDERACOES FINAIS

Neste estudo identificaram-se genotipicamente e fenotipicamente 66 isolados
Clinicos de Fusarium spp., bem como seu perfil de susceptibilidade aos antifingicos
rotineiramente utilizados na terapéutica. Além disso, decreveu-se o perfil dos pacientes
acometidos por onicomicose, ceratite fungica e fusariose invasiva. Ainda definiu-se a
incidéncia da fusariose invasiva na leucemia linfoide aguda e leucemia mieloide aguda.
Também avaliou-se a incidéncia fungica nos casos de ceratite. O perfil dos pacientes
variou nos trés tipos de micose, predominando o sexo feminino nos casos de onicomicose;
masculino, nos casos de ceratite e, de maneira igualitaria, nos casos de fusariose invasiva,;
a faixa etaria também variou nos trés tipos de infeccdo, predominando a populacéo adulta
nas micoses localizadas, onicomicose e ceratite; e apresentando uma variagdo maior na
idade dentro da fusariose invasiva (2-73 anos). Na fusariose invasiva, 0s pacientes foram
principalmente acometidos com leucemia aguda, sendo que predominaram os isolados

coletados do trato respiratorio (40,7%), do tecido cutaneo (29%) e do sangue (~19%).

Neste estudo constatou-se que existem diferencas entre as espécies e as variedades
de complexos. No entanto, o FSSC predominou nas trés fusarioses, similarmente ao
padrdo de prevaléncia mundial. Nos casos de ceratite fungica e fusariose invasiva, a
espécie mais prevalente foi F. solani. Conquanto, em onicomicose foi F. keratoplasticum
(17/35). Na ceratite fangica, a maioria dos isolados pertencia ao FSSC (F. solani, F.
keratoplasticum e F. falciforme) e ao FOSC assim como nas outras duas micoses
avaliadas. Entretanto, foram identificadas espécies do FIESC, e FFSC. Esse estudo foi
descrito no artigo de numero 4, no qual 90% dos casos de ceratite eram de pacientes com
0 sistema imune integro, apenas um paciente era imunocomprometido, com leucemia
linféide aguda. O fator predisponente para infeccdo foi o trauma mecénico (70%).
Verificou-se que a maioria dos pacientes (60%) foi tratada apenas com um Unico
antifngico, 40% com a combinacdo de antifungicos topicos e sistémicos, e 30% dos
pacientes foram necessarios o transplante de cornea (ceratoplastia). A sensibilidade aos
antifungicos demonstrou que AMB e natamicina foram os antifingicos mais efetivos para
inibir o fungo in vitro (https://www.ncbi.nlm.nih.gov/pubmed/29779647). Ambos agem
na membrana plasmatica do fungo, alterando a permeabilidade seletiva desta, o que é

essencial a sobrevivéncia do microrganismo.
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A analise realizada, unificando os dados do perfil de sensibilidade para trés fusarioses,
demonstrou estatisticamente que os isolados do FSSC séo mais resistente que os do FOSC
para 0 VRC, considerando o cut-off > 32 pg/mL. Outro dado significativo pelo teste do
Qui-quadrado (X?) foi o perfil de sensibilidade dos isolados de fusariose invasiva, o qual

foi mais sensivel ao voriconazol quando comparado com as outras duas fusarioses.

Houve uma tendéncia a resisténcia nos isolados de FOSC no perfil da anfotericina-
B, sobre os quais a metade apresentou o0 MIC maior ou igual ao cut-off ( > 8 ug/mL),
enquanto no FSSC foi apenas 27,7%, no entanto ndo apresentou diferenca estatistica entre
os complexos. Quando avaliada a relacdo da resisténcia nas trés fusarioses, observou-se
valores acima do cut-off em 31,8%, 25% e 37,1% dos isolados pelo teste do Qui-quadrado

(X?), respectivamente para fusariose invasiva, ceratite e onicomicose.

O valor cut-off do VRC é superior ao do antifungico da AMB para espécies de
Fusarium, sendo duas diluicGes posteriores na microplaca do teste de susceptibilidade.
Ao comparar o valor do cut-off do Aspergillus, que é outro fungo filamentoso-hialino,
cuja resisténcia € atribuido a valores iguais ou superiores a 2 pg/mL. Dessa forma, as
espécies do FSSC seriam resistentes em 88,2% dos casos de fusariose invasiva e de
onicomicose para VRC; Enquanto para AMB seriam em 81,8% e em 75% nas mesmas
doengas, considerando os complexos FSSC e FOSC.

A fusariose invasiva foi descrita nos artigos 6 e 7, tema esse relevante devido as
altas taxas de mortalidade em pacientes imunocomprometidos; as espécies mais isoladas
foram, F. solani (n=10), F. oxysporum (n=5), F. keratoplasticum (n=2), F. falciforme

(n=2), F.petroliphilum (n=1), F. riograndense (n=1) e Fusarium sp. (n=6).

Em relacdo ao perfil de susceptibilidade para anfotericina-B, a espécie F. solani
foi semelhante nos trés tipos de fusariose (AMB; 1-16 pg/ml). De maneira geral, o perfil
de susceptibilidade para voriconazol (VRC) dos isolados dos casos de onicomicose e de
ceratite fungica foram mais resistentes do que os isolados dos pacientes com fusariose
invasiva. Estatisticamente o FSSC foi mais resistente que o FOSC em todas as micoses
estudadas. Verificou-se resisténcia in vitro para fluconazol e itraconazol nas trés
fusarioses. Observou-se que a medicacdo mais apropriada para tratar onicomicose foi o
ciclopirox, para ceratite foi a natamicina e para fusariose invasiva foi VRC combinado
com AMB. Todos corroborando com os menores valores de CIM no teste de

susceptibilidade in vitro.
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A partir da identificacdo molecular, foi possivel verificar a existéncia de uma nova
espéci1ss
e pertencente ao FSSC, a qual foi denominada de Fusarium riograndense. Esse foi o 5°
artigo apresentado nesta tese, publicado na revista Journal de Mycologie Médicale
(https://www.ncbi.nlm.nih.gov/pubmed/?term=Fusarium+riograndense) .
Caracterizaram-e fenotipicamente as espécies, a fim de criar um padrdo em relagdo
ao perfil molecular para facilitar na identificagéo, foi apresentado esse estudo no artigo
de nimero 7. Outro caso que surgiu pela possibilidade do sequenciamento foi a
identificacéo do fungo filamentoso Lasiodiplodia theobromae
(https://www.ncbi.nlm.nih.gov/pubmed/29383575), isolado de ceratite, no qual existiam
apenas 14 publicagfes no PubMed. Também descreveu-se um relato de caso de um
isolado de F. solani multirresistente, tanto aos poliénicos quanto aos azolicos, que

infelizmente levou a enucleacdo do globo ocular do paciente (Artigo 3).

O primeiro artigo foi uma revisao de onicomicose, e 0 segundo foi uma investigacao
do aumento de casos de onicomicose, em que se definiu que 71,4% dos isolados
pertenciam ao FSSC, seguidos por 28,5% dos isolados ao FOSC. Inesperadamente,
relatou-se o primeiro caso de Neocosmospora rubicola isolado de um paciente com
onicomicose (https://www.ncbi.nlm.nih.gov/pubmed/28657120). A anfotericina-B foi o
antifangico mais eficaz in vitro (60%, CIM <4 pg/mL), seguido pelo voriconazol (34,2%,
CIM <4 pg/mL). Em geral, as espécies de Fusarium apresentaram valores de CIM> 64

pg/mL para fluconazol, itraconazol e terbinafina.

A investigacdo das espécies de Fusarium mais prevalentes na Regido Sul é
extremamente relevante, ndo s6 como um dado epidemioldgico, mas a fim de esclarecer
uma panoramica das espécies emergentes, que até entdo eram consideradas apenas
fitopatdgenos e hoje causam infecgdo em humanos e séo téo resistentes, que ndo somente

se tornaram um desafio, como uma ameaca a saude publica.
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9. PERSPECTIVAS FUTURAS

Em relacdo ao presente projeto, visto que alguns materiais e dados podem ser
(re)utilizados em outros projetos. Elencamos as seguintes perspectivas:

e Desenvolver um biobanco e um biorepositorio das espécies de Fusarium do RS;

e Auvaliar o efeito sinérgico dos antifungicos disponiveis e de outros farmacos pela
técnica do Checkboard frente a esses isolados de Fusarium spp.;

e Testar novos compostos, tais como extrato bruto, 6leo vegetal ou animal, a fim de
avaliar alguma atividade inibitdria sobre esses fungos;

e Avaliar os fendtipos de resisténcia e verificar a partir de protocolos ja propostos
para outros fungos a presenca e expressao de genes de resisténcia na espécie de
Fusarium;

e Avaliar a producéo de Biofilme das cepas de Fusarium spp. resistentes;

e Estudar os mecanismos de resisténcia aos azolicos e poliénicos;

e Avaliar a aplicacdo de RNA de interferéncia a fim de silenciar os mecanismos de
resisténcia;

e Descobrir novas espécies a partir do sequenciamento;

e Estabelecer parcerias com outros grupos de pesquisa, visando o compartilhamento
de conhecimento e de estrutura laboratorial para novos projetos. Aumentar o

namero de publicacgdes.

E simplesmente inesgotavel os diversos campos que podem ser investidos na pesquisa
com essa espécie. Muitos estudos ainda sdo necessarios para que se desenvolvam terapias
mais efetivas contra o Fusarium sp., o ideal seriam estudos multicéntricos para assim

definir novas diretrizes e protocolos de tratamento.
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10. ANEXOS E/OU APENDICES

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO (paciente ou responsavel)
N° do projeto GPPG ou CAAE: 52251115.4.0000.5327

Titulo do Projeto: CARACTERISTICAS EPIDEMIOLOGICAS NO PERFIL DE
INFECCOES POR FUSARIOSE INVASIVA EVIDENCIADO PELA TECNICA DE
MULTILOCUS SEQUENCE TYPING (MLST)

Vocé (ou a pessoa responsavel) estd sendo convidado a participar de uma pesquisa
cujo objetivo é melhorar o entendimento sobre a epidemiologia desta espécie de fungo
Fusarium spp. e sua prevaléncia a nivel de espécie nos casos de Fusariose invasiva , além
de aperfeicoar o entendimento do seu antifungigrama e no seu perfil de susceptibilidade
as drogas testadas. Esta pesquisa estd sendo realizada pelo Laboratério Especial de
Doencas Infecciosas do CPE do Hospital de Clinicas de Porto Alegre (HCPA).

Se vocé aceitar participar da pesquisa, os procedimentos envolvidos em sua
participacdo sdo os seguintes: apenas autorizar por escrito a pesquisa dos seus dados no

prontuério.

N&o existem possiveis riscos ou desconfortos decorrentes da participacdo na

pesquisa.

Os possiveis beneficios decorrentes da participacdo na pesquisa sdo indiretamente,
pois a participacdo na pesquisa ndo trara beneficios diretos aos participantes, porém,
contribuird para o aumento do conhecimento sobre o assunto estudado, e, podera

beneficiar futuros pacientes em relacdo a terapia com antiflngicos.

Sua participacdo na pesquisa € totalmente voluntéria, ou seja, ndo é obrigatdria.
Caso vocé decida ndo participar, ou ainda, desistir de participar e retirar seu
consentimento, ndo havera nenhum prejuizo ao atendimento que voceé recebe ou possa vir

a receber na instituigéo.

Rubrica do responsavel Rubrica do pesquisador Pagina 1 de 2

CEP Hospital de Clinicas de Porto Alegre (MR 05/11/2015)
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N&o esta previsto nenhum tipo de pagamento pela sua participacdo na pesquisa e

vocé ndo tera nenhum custo com respeito aos procedimentos envolvidos.

Caso ocorra alguma intercorréncia ou dano, resultante de sua participacdo na

pesquisa, vocé receberd todo o atendimento necessario, sem nenhum custo pessoal.

Os dados coletados durante a pesquisa serdo sempre tratados confidencialmente.
Os resultados serdo apresentados de forma conjunta, sem a identificacdo dos

participantes, ou seja, 0 seu nome nao aparecera na publicacdo dos resultados.

Caso voceé tenha davidas, podera entrar em contato com o pesquisador responsavel
Priscila Dallé da Rosa, pelo telefone 51 33598836, ou com o Comité de Etica em Pesquisa
do Hospital de Clinicas de Porto Alegre (HCPA), pelo telefone (51) 33597640, ou no 2°
andar do HCPA, sala 2227, de segunda a sexta, das 8h as 17h.

Esse Termo € assinado em duas vias, sendo uma para o participante e outra para

0s pesquisadores.

Nome do participante da pesquisa

Assinatura

Nome do pesquisador que aplicou o Termo

Assinatura

Local e Data:

Rubrica do responsavel Rubrica do pesquisador Pagina 2 de 2

CEP Hospital de Clinicas de Porto Alegre (MR 05/11/2015)



