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RESUMO




Abordagem Molecular Aplicada a Paracoccidioidomicose:
Identificacao das Espécies do Género Paracoccidioides em Mato
Grosso do Sul e aprimoramento do Imunodiagnéstico

RESUMO

A paracoccidioidomicose (PCM) é uma micose sistémica ocasionada pelas
espécies P. brasiliensis sensu stricto, P. americana, P. restrepiensis, P.
venezuelensis e P. lutzii. A doenga é restrita aAmérica Latina, sendo que cerca de
80% dos casos ocorrem no Brasil, principalmente nas regides Sul, Sudeste e
Centro-Oeste. No entanto, apesar de a regido Centro-Oeste do Brasil ser area
endémica de PCM, até o momento a distribuicdo das espécies envolvidas na
etiologia da PCM em Mato Grosso do Sul foi pouco estudada. A reatividade no teste
sorologico de imunodifusao dupla (IDD), que € usado ndo s6 no diagnostico, mas
também como um critério de cura, pode ser espécie-especifica. Objetivou-se neste
estudo, através de uma abordagem molecular, conhecer as espécies do género
Paracoccidioides envolvidas na etiologia da PCM no Estado, bem como
compreender se a espécie filogenética circulante exerce influéncia no perfil de
reatividade na IDD. Para tanto, foram incluidos treze novos casos de PCM
residentes no Mato Grosso do Sul, no periodo de 2016 a 2019. Destes, todos os
individuos eram do sexo masculino, a maioria desenvolvia ou ja desenvolveu
atividade rural, possuiam idade entre 17 e 59 anos, sendo que 11 (84,6%) eram
acima de 40 anos. A partir destes casos, foram obtidos dezesseis isolados clinicos
e seus DNAs genbmicos foram genotipados por tub1-PCR-RFLP. Realizou-se a
IDD utilizando exoantigenos das cepas genotipadas neste estudo. Verificou-se que
a maioria dos isolados (11/16; 68,8%) eram de Paracoccidioides brasiliensis sensu
stricto, seguido por P. restrepiensis (4/16; 25,0%) e P. lutzii (1/16; 6,2%). Com
relacdo aos dados clinicos ou epidemioldgicos, ndo houve diferengas entre casos
de PCM com diferentes espécies de Paracoccidioides. Em cerca de 30% dos casos,
a IDD apresentou resultados falso-negativos. Pacientes com PCM por P.
brasiliensis e P. restrepiensis, ambas do complexo P. brasiliensis, apresentam
sororreatividade no teste IDD frente a antigenos produzidos a partir dessas
espécies, indiferentemente; enquanto a sororreacéo frente a antigenos produzidos
a partir de P. lutzii foi baixa. Interessantemente, o unico paciente com PCM por P.
lutzii foi sororreagente apenas a antigeno de P. [utzii, indicando uma reagao
especie-especifica. Baseado nesses resultados, pode-se concluirque P.
brasiliensis sensu stricto € a espécie predominante em Mato Grosso do Sul. Além
disso, o uso de antigenos provenientes de diferentes espécies de Paracoccidioides
spp aumentam a sensibilidade do teste IDD em pacientes desse estado, o que
aprimora n&o so o diagndstico, mas principalmente o critério sorolégico de cura.

Palavras-chave: Micose sistémica; Paracoccidioides spp; Paracoccidioidomicose;
Imunodifusao



Molecular Approach Applied to Paracoccidioidomycosis: Identification
of Paracoccidioides Species in Mato Grosso do Sul and Improvement
of Immunodiagnosis

ABSTRACT

Paracoccidioidomycosis (PCM) is a systemic mycosis caused by the species P.
brasiliensis sensu stricto, P. americana, P. restrepiensis, P. venezuelensis and P. lutzii.
The disease is restricted to Latin America, with approximately 80% of cases occurring
in Brazil, mainly in the South, Southeast and Midwest regions. However, the distribution
of the species involved in the etiology of PCM in Mato Grosso do Sul, a region in
Midwest Brazil known for being an endemic area for PCM, is poorly understood. the
reactivityin the serological double immunodiffusion test (DID), which is used to
diagnosis and cure criterion, can be species-specific. The objective of this study is to
determine the species of the genus Paracoccidioides involved in the etiology of PCM
in the State and to investigate whether the circulating phylogenetic species influences
the reactivity profile in DID. For this purpose, thirteen new cases of PCM residing in
Mato Grosso do Sul, in the period from 2016 to 2019, were included. All of these were
male, most of whom were engaged in or had previously engaged in rural activity. The
age ranged was between 17 and 59 years old, with 11 (84.6%) of the cases being over
40 years old. Sixteen clinical isolates were obtained from these cases, and their
genomic DNA were genotyped by tub1-PCR-RFLP. The DID test was conducted using
exoantigens from the strains genotyped in this study. The findings revealed that the
majority of the isolates (11/16; 68.8%) belonged to Paracoccidioides brasiliensis sensu
stricto, followed by P. restrepiensis (4/16; 25.0%) and P. lutzii (1/16; 6.2%). No
differences were observed in the clinical and epidemiological data, amongthe cases of
PCM caused by different species of Paracoccidioides. Approximately 30% of the cases
resulted in false-negative results in the DID test. Patients with PCM caused by P.
brasiliensis and P. restrepiensis, both belonging to thethe P. brasiliensis complex,
showed no differences in seroreactivity in the DID test against antigens produced from
these species; while seroreaction against antigens produced from P. lutzii was low.
Interestingly, the only patient with P. lutzii PCM was seroreactive exclusively to P. lutzii
antigen, indicating a species-specific reaction. Based on these findings, it can be
concluded that P. brasiliensis sensu stricto is the predominant specie in this Mato
Grosso do Sul. Furthermore, using antigens from different species of Paracoccidioides
spp increase the sensitivity of the DID test in patients from this region, thereby
improving both the accuracy of diagnosis and the serological criterion for determing
cure.

Keywords: Systemic mycosis; Paracoccidioides spp;
Paracoccidioidomycosis; Immunodiffusion.
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CAPITULO 1- INTRODUCAO




1. Fundamentacéo teorica

1.1 Paracoccidioidomicose

16

A paracoccidioidomicose (PCM) é uma infecgéo fungica sistémica, restrita

a América Latina, com maior incidéncia em paises como Brasil, Coldbmbia, Argentina e

Venezuela (Martinez, 2017). Em sua grande maioria, cerca de 80% dos casos, ocorre

no Brasil, principalmente nas regides Sul, Sudeste e Centro-Oeste (Martinez, 2017;

Shikanai-Yasuda et al., 2018; Hahn et al., 2019). Com casos também sendo
registrados nas regides Norte e Nordeste, como Maranhdo, Tocantins, Acre, Para e
Rondénia (Matos et al., 2012; Vieira Gde et al., 2014; Martinez, 2017) (Figura 1).

Figura 1 — Distribuicdo geografica das areas endémicas de paracoccidioidomicose na

Ameérica Latina.

Fonte: Martinez (2017).
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Esta doenca ocorre prioritariamente em pessoas da area rural, que
trabalham na agricultura ou em atividades que envolvam o manejo do solo. Por
conseguinte, a infecgao é adquirida quando o individuo manipula o solo possivelmente
contaminado com propagulos de Paracoccidioides spp. (artroconideos). Como
demonstrado na Figura 2, estes propagulos, ao serem inalados, entram em contato
com os alvéolos pulmonares e transitam para a forma leveduriforme (patogénica),
podendo entdo se disseminar para outros locais do organismo via sistema linfatico e/ou
hematoldgico (Shikanai-Yasuda et al., 2018; Hahn et al., 2022).

Figura 2 — Propagacao dos agentes etioldgicos e contagio da PCM.
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Fonte: Mendes, R. P. e Bagagli, E. Reproduzido de Il Consenso Brasileiro em Paracoccidioidomicose —
(Shikanai-Yasuda et al., 2018).

O diagndstico clinico da PCM é considerado um desafio, pois a doenca
apresenta caracteristicas semelhantes a outras doencgas, como leishmaniose cutanea,
neoplasias, tuberculose e histoplasmose (Shikanai-Yasuda et al., 2018). Assim, seu
diagndstico é feito pela visualizagdo microscoépica, biopsia de tecido e/ou isolamento e

cultura do fungo e, indiretamente, pela detecgao de anticorpos em testes sorolégicos,
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onde a reatividade e especificidade dos testes estdo diretamente relacionados a
preparagao dos exoantigenos produzidos in house. Ainda, segundo Camargo et al.
(2003), as analises sorolégicas podem apresentar reagdes cruzadas com outros
microrganismos, tais como: Histoplasma spp., Candida spp. e Aspergillus spp.
Portanto, considera-se como diagnostico padrao-ouro a observagao de estruturas
sugestivas de Paracoccidioides em exame a fresco, cultura ou histopatologico (De
Camargo e Rodrigues, 2019).

O Consenso Brasileiro de Paracoccidioidomicose (Shikanai-Yasuda et al.,
2018) sugere que, para fins de vigilancia epidemiologica, os casos com sintomas
sugestivos devam ser definidos da seguinte forma: a) Caso suspeito, quando apods a
exclusao de outras doengas com sintomatologia clinica semelhante; b) Caso provavel,
quando além das manifestag¢des clinicas da paracoccidioidomicose, ha a presenca de
titulos de anticorpos Paracoccidioides em testes sorologicos, preferencialmente em
IDD ou contraimunoeletroforese (CIE); c) Caso confirmado, quando houver
manifestagbes clinicas compativeis e presenga de estruturas sugestivas de
Paracoccidioides spp. em técnicas microbiologicas e histopatologicas.

A infecgdo por Paracoccidioides € na maior parte das vezes assintomatica
e sem quaisquer repercussoes clinicas, podendo o fungo permanecer em laténcia por
longos periodos, sendo esta denominada de infecgdo paracoccidioidica. Quando
ocorre lesdes teciduais e manifestagdes clinicas, recebe a denominagao de PCM, que
se manifesta de duas principais formas: forma aguda/subaguda e cronica (Mendes et
al., 2017). A evolugéo de infecgdo paracoccidioidica para PCM, depende de fatores
ligados a resposta imunologica do hospedeiro, interagdo parasita-hospedeiro e
viruléncia do fungo (Lacaz et al., 2002).

A forma crénica € responsavel por cerca de 90% dos casos de PCM e aflige,
em sua maioria, individuos do sexo masculino, com faixa etaria entre 30 e 60 anos e
que desenvolvam algum tipo de atividade associada a agricultura. Apresenta
progressao lenta e pode se manifestar em apenas um 6rgéo (geralmente o pulmao)
ou atingir mais de um 6rgdo simultaneamente. Nos casos graves observa-se uma

perda de peso superior a 10%, grande comprometimento pulmonar, assim como de
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glandulas adrenais, sistema nervoso central, medula e linfonodos (Mendes et al.,
2017).

Por sua vez, na forma aguda-subaguda ocorre uma progressao rapida da
doencga, atingindo 6rgdos do sistema mononuclear fagocitario, tais como linfonodos,
baco, figado, ossos e medula Ossea, com manifestacbes gastrointestinais,
linfoadenomegalia, hepatoesplenomegalia, bem como Ilesdes cutaneas.
Representando cerca de 10% dos casos desta doenga, a forma aguda-subaguda é
considerada mais grave, com significativas taxas de mortalidade, e afeta,
principalmente, criangas, adolescentes e adultos jovens de ambos o0s sexos
(Bellissimo-Rodrigues et al., 2013; Mendes et al., 2017).

Na infecgao paracoccidioidica, observa-se positividade na
intradermorreagdo com paracoccidioidina, um antigeno obtido de Paracoccidioides
spp.. Por meio deste, observa-se reacgdes intradérmicas intensas em individuos
saudaveis, assintomaticos e previamente infectados (Franco et al., 1987; Marques,
2012). A infecgdo paracoccidioidica tem sido observada em alta prevaléncia em
algumas regides do Brasil (Marques et al., 2013; Magalh&es et al., 2014)

Os principais medicamentos para o tratamento da paracoccidioidomicose
sdo itraconazol, cotrimoxazol (combinacdo de sulfametoxazol/trimetropim) e
anfotericina B. Interagdo medicamentosa, efeitos adversos, terapia de longa duracgao,
sdo alguns dos fatores que devem ser avaliados na pratica clinica e que irdo definir

qual o farmaco de escolha (Shikanai-Yasuda et al., 2018; Hahn et al., 2022).

1.2 O género Paracoccidioides

O agente etiologico da PCM, Paracoccidioides spp., foi inicialmente descrito
por Adolfo Lutz em 1908 apds o isolamento e cultura de um microorganismo presente
em lesdes orais e granulomas ganglionares de alguns pacientes no Instituto Biologico
de S&o Paulo (Brasil). Pertencem ao reino Fungi, filo Ascomycota, ordem Onygenales,

familia Ajellomycetaceae (Onygenaceae). Sdo fungos termodimorficos, capazes de
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crescer na forma micelial (infectante) sob condicdes ambientais para a vida
saprobiotica ou quando cultivado em temperatura ambiente (entre 18 e 23°C). Na
forma de levedura (patogénica) podem crescer em tecidos de hospedeiros ou quando
cultivados em temperatura em torno de 36°C (Restrepo, 1985; Bagagli et al., 2006). O
dimorfismo é identificado por filamentos septados com conidios terminais ou
intercalares na fase micelial ou brotos multiplos de uma célula-mae, semelhante a uma
aparéncia de “roda de leme”, na fase de levedura (Restrepo, 1985; Gonzalez e
Hernandez, 2016). Acredita-se que esta capacidade de alteragdo morfolégica da fase
miceliana para leveduriforme seja um mecanismo importante para viruléncia e
patogenicidade destes fungos, resultando em alteragdes da parede celular, expresséo
de fatores de viruléncia e de moléculas antigénicas (Kanetsuna et al., 1969; Theodoro
etal., 2012).

Microscopicamente, a forma miceliana apresenta hifas finas, septadas,
hialinas, com multiplos nucleos, medindo de 1 a 3 um e com raros clamidésporos
terminais ou intercalares. Ja a forma leveduriforme exibe células esféricas ou ovais
com multiplos brotamentos, medindo de 2-30 um de didmetro e multiplos nucleos
(Restrepo, 1978; Angela Restrepo, 1988)

O habitat natural deste fungo ainda ndo € conhecido. No entanto, alguns
estudos descreveram que se adapta bem a solos umidos e com pH acido, suportando
a hipotese que este é seu ambiente natural. Nesse ambiente, o fungo cresce em sua
fase micelial, produzindo conidios que posteriormente poderdo ser inalados sob a
forma de aerossol, alcangando os alvéolos pulmonares (Restrepo, 1985; Franco et al.,
1993; Silva-Vergara et al., 1998). Além do isolamento do solo, &€ também descrito sua
presenga em animais domésticos e selvagens como cachorros, pinguins (Garcia et al.,
1993), morcegos (Grose e Tamsitt, 1965) e, principalmente, em tatus que séo
considerados como seu reservatorio natural (Corredor et al., 2005; Bagagli et al.,
2006).

Desde a descoberta, ha mais de dez décadas, até 2009 o género
Paracoccidioides foi descrito como composto por apenas uma espécie: P. brasiliensis.
Posteriormente, Teixeira et al. (2009), avaliando um grupo de Paracoccidioides

chamado como “Pb01-like” que apresentavam a mesma genealogia, reconheceram a
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existéncia de uma nova espécie, que foi denominada de P. lutzii em homenagem a
Adolpho Lutz.

Ainda antes da descrigao da espécie P. lutzii, em alguns Estados do Brasil,
como Rondbnia e Mato Grosso, observava-se uma baixa reatividade dos testes
sorologicos frente aos antigenos de isolados de P. brasiliensis obtidos de pacientes de
S&o Paulo. Fato bem demonstrado por Baptista Junior e colaboradores (2010), que
compararam a sensibilidade do teste de imunodifusdo utilizando exoantigenos
produzidos a partir de cepas das duas diferentes regides, apontando para possiveis
diferencas antigénicas provavelmente relacionadas a peculiaridades filogenéticas.
Neste sentido, estudos baseados em analises filogenéticas foram realizados e
descobriu-se uma grande variabilidade de espécies dentro do complexo P. brasiliensis,
amplamente distribuidas na América Latina, sendo: S1 (S1a e S1b), PS2, PS3 e PS4,
que posteriormente foram denominados de P. brasiliensis, P. americana, P.
restrepiensis e P. venezuelensis, respectivamente (Matute et al., 2006; Teixeira et al.,
2009; Turissini et al., 2017).

Alguns fatores dificultam a determinacdo da distribuicdo geografica de
Paracoccidioides spp. tais como: i) o dificil isolamento em cultura a partir de amostras
de solo; ii) a praticamente ausente ocorréncia de formas pulmonares agudas; e iii) a
impossibilidade de definir o local de aquisi¢ao da infecgdo da forma crénica devido ao
seu longo periodo de laténcia e frequentes migragcbes dos pacientes. Estudos com
animais ou pacientes com a forma aguda-subaguda ou, ainda, com deteccéo de
material genético do fungo direto de amostras de solo tém sido uteis para elucidar a
distribuicdo de cada espécie nas areas endémicas (Arantes et al., 2016; de Macedo et
al., 2019; Oliveira et al., 2023).

P. brasiliensis pode ser encontrado em toda a América do Sul,
principalmente no Sul e Sudeste do Brasil, Argentina e Paraguai (Gegembauer et al.,
2014; Hrycyk et al., 2018; De Macedo et al., 2019). P. americana tem distribuicdo
irregular, com casos descritos no Sul e Sudeste do Brasil e na Venezuela (Matute et
al., 2006; Theodoro et al., 2012; De Macedo et al., 2016; Roberto et al., 2016; Hrycyk
et al., 2018; De Macedo et al., 2019). Por um tempo P. restriensis foi descrito como

endémico e restrito a Colombia (Matute et al., 2006). No entanto, estudos recentes
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descreveram sua presenga em isolados de S&do Paulo (Cocio et al., 2020; Pereira et
al., 2021). Por sua vez, até o momento estudos demonstram que P. venezuelensis &
uma espécie restrita a Venezuela (Matute et al., 2006; Munoz et al., 2016; Turissini et
al., 2017).

As espécies do complexo P. brasiliensis ndo sdo comumente encontradas
na regido Centro-Oeste do Brasil. Por outro lado, a espécie P. lutzii, apesar de ainda
nao possuir sua distribuigdo geografica totalmente conhecida, € considerada endémica
no Mato Grosso e Goias (Marques-Da-Silva et al., 2012; Theodoro et al., 2012;
Gegembauer et al., 2014; Teixeira Mde et al., 2014; Hahn et al., 2019). Porém, estudo
realizado com antigenos de P. brasiliensis e P. lutzii (Pereira et al., 2020), demonstrou
que cerca de 20% dos casos de PCM em Mato Grosso do Sul sao provavelmente
devido a infecgéo por P. lutzii. Além da regido Centro-Oeste, ha também descri¢ao
desta espécie nas regides Sul e Sudeste, demonstrando que P. lutzii ndo se encontra
restrito a regido que € considerado endémico (Takayama et al., 2010; Arantes et al.,
2016).

1.3 Identificagdo molecular de Paracoccidioides spp.

Métodos moleculares tém sido utilizados para o diagnostico da PCM a partir
de amostras clinicas (Gomes et al, 2000), mas principalmente na identificagdo das
espécies filogenéticas do género Paracoccidioides isolados de cultura (Matute et al.,
2006; Turissini et al., 2017).

Algumas metodologias, como PCR, Nested-PCR, qPCR (PCR em tempo
real), PCR-RFLP, microssatélites, MLST (Multilocus Sequence Typing) e
sequenciamento do genoma completo sédo utilizadas para compreenséo de questdes
filogenéticas e evolutivas das espécies de Paracoccidioides, bem como de dados
epidemiologicos e identificacdo das espécies causadoras da PCM (Semighini et al.,
2002; Nascimento et al., 2004; Matute et al., 2006; Salgado-Salazar et al., 2010;
Arantes et al., 2016; Turissini et al., 2017; De Melo Teixeira et al., 2020).
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Devido ao alto custo e necessidade de profissionais capacitados, poucas
dessas tecnologias estao disponiveis para uso na rotina clinica para diferenciagdo das
espécies isoladas em cultura. Por este fato, a falta de conhecimento da espécie
envolvida na etiologia de um caso de PCM impede o desenvolvimento de pesquisas
que possam atender a importantes demandas do manejo clinico, tais como o
aprimoramento de testes sorologicos espécie-especificos e a avaliagdo de diferengas
na resposta aos medicamentos antifungicos.

A Figura 3 ilustra os principais marcos do desenvolvimento de técnicas
moleculares para diagnostico de PCM e identificacdo de espécies de Paracoccidioides
spp. (Pinheiro et al., 2020).
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Figura 3 — Linha do tempo do desenvolvimento das principais técnicas para

identificacao e caracterizagao molecular/protedmica de espécies de Paracoccidioides.
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Dentre as técnicas citadas, a PCR-RFLP tem se destacado como uma boa

opc¢ao quando avaliado a relagao custo-beneficio e por possibilitar a diferenciacdo das



25

espécies de Paracoccidioides. Esta abordagem utiliza PCR convencional como base
do método e, posteriormente, enzimas de restricdo, que reconhecem sequéncias
especificas do DNA, clivam a dupla fita em sitios especificos e geram fragmentos de
DNA com diferentes pesos moleculares (Saiki et al., 1985; Roberto et al., 2016). O
emprego desta abordagem em isolados de Paracoccidioides foi descrito por Nino-Vega
et al. (2000), utilizando amostras coletadas de diferentes paises da América Latina.

Mais recentemente, Roberto e colaboradores (2016) descreveram o uso da
técnica PCR-RFLP, utilizando o gene da a-tubulina como produto de PCR, que foi em
seguida digerido pelas enzimas de restricdo Bcll de Bacillus caldolyticus e Mspl de
Moraxella spp (Figura 4). Os autores conseguiram verificar a possibilidade de
diferenciagao de quatro espécies cripticas de Paracoccidioides, sendo: P. brasiliensis
sensu stricto, P. restrepiensis, P. americana e P. lutzii. Desde entao, tal técnica tem
sido utilizada por diferentes estudos para a identificacdo das espécies do género
Paracoccidioides (Hrycyk et al., 2018; Cocio et al., 2020).



Figura 4 - PCR-RFLP para diferenciagéo de espécies do género Paracoccidioides.
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Fonte: Roberto et al. (2016).

Uma das desvantagens desta técnica € ndo possibilitar diferenciagado de
S1a e S1b, o que dificulta estudos epidemiolégicos que buscam conhecer a

distribuicdo das espécies de Paracoccidioides, bem como estudos que objetivam, em
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um futuro, reconhecer diferencas clinicas entre as espécies (Roberto et al., 2016).
Além disso, pesquisas também buscam entender a relagdo evolutiva, ampliar os
estudos taxondmicos e de variedades genéticas destes agentes. Para tanto, o
sequenciamento completo de nova geragao é uma técnica capaz de responder estes
questionamentos, avaliar a diversidade genémica de isolados e diferengas evolutivas,
podendo ser uma excelente alternativa tanto do ponto de vista diagndstico, como

também epidemiolégico (Munoz et al., 2016; De Melo Teixeira et al., 2020).

1.3 Testes sorologicos na PCM

A confirmagédo do diagnostico de PCM se da pela visualizagdo em
microscopia de células leveduriformes com multiplos brotos, com um formato
caracteristico de “leme de navio” no exame direto de amostras clinicas e/ou por exame
histopatoldgico de tecido biopsiado. O isolamento em cultura e posterior identificacéo
fenotipica é util para definir o diagnostico, no entanto, o rendimento da cultura € baixo
(Ferreira e do Lago Moraes, 2000).

Assim, os testes sorolégicos ndo s&o padrdo-ouro para o diagnostico,
porém sao de grande importancia quando a coleta de amostra clinica € dificil, como
de linfonodos intra-abdominais, adrenais, sistema nervoso central, ou mesmo,
pulmdes em pacientes que nao tém producgdo de escarro. Tém a vantagem de um
resultado mais rapido que a cultura e histopatoldgico, e serem testes de mais baixo
custo e metodologicamente mais simples que os testes moleculares (Camargo et al.,
2003; Pereira et al., 2020).

Diversos sao os testes sorolégicos empregados no diagnéstico da
paracoccidioidomicose, sendo a imunodifusdo dupla (IDD), Western Blot (WB),
contraimunoeletroforese, imunoeletroforese e ELISA os mais comumente utilizados.

A técnica de WB além de poder ser empregada na caracterizagdo de
antigenos, também apresenta alta sensibilidade diagnostica (Ortiz et al., 1998;

Takahachi et al., 1999). Casotto (1990) demonstrou que a técnica WB € uma
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ferramenta util para o diagnostico da PCM. Para tanto, o autor utilizou componentes
de extrato leveduriforme de Paracoccidioides spp. e verificou detecgdo de anticorpos
especificos frente a soro de pacientes com PCM, bem como reagdo cruzada com
Histoplasma capsulatum, Candida spp e Aspergillus spp.

O teste de ELISA é uma técnica que se tornou popular para a identificagao
de anticorpos e antigenos na pratica clinica ou em pesquisas, por ser um teste rapido,
simples de executar, relativamente, barato e que permite uma avaliacido mais precisa
da resposta humoral, por avaliar diferentes classes de imunoglobulinas. Porém, com
esta técnica observa-se altas taxas de reatividade cruzada com candidiase,
criptococose e histoplasmose (Mendes-Giannini et al., 1984; Albuquerque; da Silva;
Camargo, 2005). Ademais, estudo realizado por Kamikawa e colaboradores (2017),
também demonstrou positividade em soro de pessoas aparentemente saudaveis, que
residem em areas endémicas.

A sensibilidade e especifidade dos testes sorolégicos variam de acordo com
a técnica utilizada, mas, de uma forma geral, costumam ser elevadas. Ademais, estes
valores podem variar de acordo com a gravidade da doenga, o estagio em que a
doenca se encontra, bem como pela técnica empregada para a produgéo do antigeno
e da cepa utilizada (Mendes-Giannini et al., 1984; Takahachi et al., 1999; Marques da
Silva et al., 2006; Pereira et al., 2020). O armazenamento de amostras € uma das
preocupagdes associadas as técnicas de imunodiagnostico, devido uma possivel
influéncia do ciclo congelamento-descongelamento entre os testes e retestes. No
entanto, estudo recente realizado por Tomazini et al. (2023) demonstrou persisténcia
da titulacdo por até seis anos em amostras de soro armazenadas a -80°C.

Além de util no diagndstico, o teste sorolégico de imunodifusdo permite
acompanhamento da resposta imunologica do hospedeiro durante e apds o tratamento
antifungico (Mendes-Giannini et al., 2000; Shikanai-Yasuda et al., 2018). A cura
sorologica sustentada por 12 meses, ou seja, a sororreversdo observada na
imunodifusdo durante o acompanhamento, reflete indiretamente a recuperacdo da
imunidade celular especifica do hospedeiro frente a infecgado por Paracoccidioides
(Shikanai-Yasuda et al., 2018).
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Desde a sua introdugdo por Ouchterlony (1949), diversas modificagcdes
foram realizadas ao longo dos anos para o aprimoramento da técnica de imunodifusao
radial em gel de agar. O uso desta técnica para o diagnostico da PCM foi inserido por
Restrepo (1966), que verificou uma sensibilidade de 90%, e atualmente é o teste
sorologico mais utilizado. De uma forma geral, a IDD oferece vantagens para o
imunodiagnaostico, por ser uma técnica relativamente simples, que apresenta boa
correlacdo com a evolugao clinica durante o tratamento, podendo assim fazer um
melhor acompanhamento do paciente. A titulacdo dos anticorpos pode variar de
acordo com a gravidade da doenga, bem como a condi¢des do paciente. Por exemplo,
pacientes com alto grau de imunossupressdo podem apresentar resultados falso-
negativos (De Camargo e De Franco, 2000; Mendes et al., 2017).

Porém, ainda hoje, o teste de imunodifusdo dupla para detecgdo de
anticorpos anti-Paracoccidioides ndo tem padronizagdo, nem do tipo e nem da
concentracdo usada em diferentes laboratorios (Vidal et al., 2014). Além disso,
sabendo-se que os anticorpos sdo espécie-especificos, ou seja, soro de pacientes com
PCM por P. lutzii sdo nao-reatores na imunodifusdo com antigenos obtidos do
complexo P. brasiliensis (Baptista-Junior et al, 2010, Gergembauer et al, 2014), é
importante que a imunodifusdo seja realizada com antigenos das duas espécies.
(Camargo et al., 2003; Baptista Junior et al., 2010)

A identificacdo de antigenos tem auxiliado na busca de alvos que
vislumbram aumento da especificidade e sensibilidade do diagndstico sorolégico. No
entanto, este € um campo ainda pouco explorado, ndo somente com relagéo a
quantidade de estudos, como também pela alta complexidade antigénica das espécies
de Paracoccidioides. Para o diagndstico da PCM, estudos tm caracterizado e
identificado antigenos extraidos da parede celular, antigenos intracelulares, e
antigenos filtrados de culturas de antigenos (exoantigenos ou cell free antigens),
sendo este ultimo o mais utilizado na rotina dos laboratorios de pesquisa (Yarzabal,
1982; De Camargo et al., 1988; Camargo et al., 2003; Gegembauer et al, 2014, Da
Silva et al., 2016).

Dentre as proteinas encontradas, a glicoproteina de 43 kDa - gp43,

inicialmente descrita por Puccia et al. (1986), esta presente exclusivamente no
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complexo Paracoccidioides brasiliensis e €, sem duvidas, a mais estudada. Contudo,
outras proteinas como a Pb27 e Pb40, identificadas a partir de fragcdes enriquecidas
com antigenos de superficie da parede celular, também tem demonstrado resultados
promissores (Diniz et al., 1999; Diniz et al., 2001; Goes et al., 2005). A molécula
imunodominante para a espécie P. lutzii € desconhecida até o momento. Porém,
estudo tém proposto intensa reagdo de seis isoformas da enolase associada a
superficie oscilando na faixa de 54 kDa em imunoblots (Rodrigues et al., 2020).

Para que o teste diagndstico apresente uma boa sensibilidade e
especificidade, o reconhecimento do substrato antigénico € parte fundamental da
técnica. Estudos tém sido realizados buscando diferengcas no perfil proteico e na
antigenicidade de exoantigenos obtidos de P. brasiliensis e P. lutzii. Gegembauer et
al. (2014) avaliaram exoantigenos que foram produzidos a partir de isolados clinicos
de P. brasiliensis (S1b), P. restrepiensis e P. lutzii e compararam suas reatividades
sorologicas. O exoantigeno produzido da cepa de P. lutzii apresentou maior soro
reatividade em soro de pacientes com isolado fungico de P. lutziii, quando comparado
ao exoantigeno produzido de cepas do complexo P. brasiliensis, corroborando com
estudos que sugerem um diferente perfil proteico de exoantigenos provenientes de P.
lutzii (Queiroz Junior Lde et al., 2014; De Arruda Grossklaus et al., 2016; Pereira et al.,
2020).

Tendo em vista que a PCM apresenta grande impacto clinico e social nas
areas de alta endemicidade, devido ao tratamento de longa durac&o, maior numero de
casos crénicos e as frequentes sequelas incapacitantes ocasionadas pela doenca, faz-
se necessario a obtencéo de dados epidemioldgicos confiaveis para que ocorra melhor
controle desse problema de saude publica. No servico de DIP/HU-UFMS sao
atendidos cerca de 1-2 casos novos ao més e realizado acompanhamento sistematico
de cerca de 200 pacientes. Desta forma, é de suma importancia realizar o correto
diagnostico e diferenciacdo das espécies, visto que marcadores sorologicos sao
utilizados para acompanhar a evolugao dos pacientes e avaliar a eficacia terapéutica.
Ainda, mais estudos sao necessarios para avaliar se as manifestacdes clinicas podem

variar de acordo com a espécie (Pereira et al, 2020).
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Nesse sentido, o presente estudo busca com a identificagcdo molecular de
espéecies de Paracoccidioides por testes moleculares, contribuir com o conhecimento
da distribuicdo geografica das espécies, bem como aprimorar o diagndstico e o
acompanhamento sorolégico dos pacientes com PCM. Os resultados poderao, ainda,
auxiliar na elaboragdo de protocolos para a produgdo de exoantigenos para
imunodiagnostico da PCM, bem como propor uma ferramenta de triagem molecular

para deteccgao e diferenciacéo das espécies.
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2 OBJETIVOS

2.1 Objetivo Geral

Identificar as espécies do género Paracoccidioides envolvidas na etiologia
da PCM em Mato Grosso do Sul, bem como avaliar a sororreatividade frente a

antigenos obtidos de diferentes espécies.

2.2 Objetivos Especificos

e Conhecer as diferentes espécies pertencentes ao género Paracoccidioides em
Mato Grosso do Sul;

e Descrever as caracteristicas séciodemograficas e clinicas dos casos de PCM por
especie identificada.

e Determinar o perfil de sororreatividade dos pacientes com PCM frente a

exoantigenos produzidos a partir de cepas genotipadas de Paracoccidioides spp.
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Abstract

Background

Paracoccidioidomycosis (PCM) is a systemic and endemic fungal infection in Latin
American, mainly in Brazil. The majority of PCM cases occur in large areas in Brazil,
comprising the South, Southeast and Midwest regions, with the latter demonstrating a
higher incidence of the species Paracoccidioides lutzii.

Methodology and main findings

This study presents clinical, molecular and serological data of thirteen new PCM cases
during 2016 to 2019 from the state of Mato Grosso do Sul, located in the Midwest
region, Brazil. From these thirteen cases, sixteen clinical isolates were obtained and
their genomic DNAs were subjected to genotyping by fub? -PCR-RFLP. Results
showed Paracoccidioides brasiliensis sensu stricto (S1) (11/16; 68.8%),
Paracoccidioides restrepiensis (PS3) (4/16; 25.0%) and P. lutzii (1/16; 6.2%) as
Paracoccidiodes species. Therefore, in order to understand whether the type of
phylogenetic species that are circulating in the state influence the reactivity profile of
serological tests, we performed double agar gel immunodiffusion (DID), using
exoantigens from genotyped strains found in this series of PCM cases. Overall, our
DID tests have been false negative in about 30% of confirmed PCM cases. All patients
were male, most with current or previous rural activity, with ages ranging from 17 to
59 years, with 11 patients (84.6%) over 40 years of age. No clinical or epidemiological
differences were found between Paracoccidioides species. However, it is important to
note that the only case of P. lutzii died as an outcome.
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Conclusions

This study suggests P. brasiliensis sensu stricto (S1) as the predominant species,
showing its wide geographic distribution in Brazil. Furthermore, our findings
revealed, for the first time, the occurrence of P. restrepiensis (PS3) in the state of
Mato Grosso do Sul, Brazil. Despite our setbacks, it would be interesting to provide
the complete sequencing of these clinical isolates to complement the molecular
information presented.

Author summary

Paracoccidioides spp. complex and P. lutzii are etiological agents of
paracoccidioidomycosis (PCM), one of the most important systemic
mycosis of Latin America. This study aimed to describe the molecular
epidemiology associated with clinical and serological data of
Paracoccidiodes spp. in the Mato Grosso do Sul, located in the
Midwest region, Brazil. Thus, for the first time in this state, the clinical
Paracoccidioides species were molecularly identified. Previous
findings have frequently been misinterpreted as proving that P. lutzii
predominates in this region. In fact, we observed that this state differs
from others in the Midwest, presenting a higher proportion of PCM
cases due to P. brasiliensis sensu stricto (S1). In addition, we
described the first report of P. restrepiensis (PS3) occurrence in the
Brazilian Midwest region. Then, we presented an update on the
occurrence of Paracoccidioides species in the Midwest region from
Brazil. On the other hand, our results do not demonstrate clinical and
epidemiological differences between Paracoccidioides spp.
Nevertheless, this study reinforces that other researches should be
carried out in order to evaluate an association of clinical
manifestations and epidemiology with Paracoccidioides species.
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Introduction

Paracoccidioidomycosis (PCM) is an endemic systemic fungal infection
exclusive to Latin American countries such as Brazil, Argentina, Colombia and
Venezuela, where approximately 10 million people have already been infected [1].
Infection in humans with Paracoccidiodes spp. occurs through the development of
activities that involve the management of soil contaminated by conidia, such as
agriculture, gardening, soil preparation and earthworks [2]. The chronic form of PCM
affects mainly adults aged 30 years or older, usually male patients. The acute/sub-
acute form of PCM occurs mainly in children and young adults, who represent
approximately 10% to 25% of PCM cases [3].

Etiological agents of PCM are thermodimorphic fungi belonging to the
Paracoccidioides genus, Ajellomycetaceae family, Onygenales order and
Eurotiomycetes class [4]. Currently Paracoccidioides spp. complex is composed of
five phylogenetic species: Paracoccidiodes brasiliensis sensu stricto (S1a and S1b),
belonging to the paraphyletic group distributed in Brazil, Argentina, Paraguay, Peru
and Venezuela; Paracoccidiodes americana (PS2), belonging to the monophyletic
group distributed in Brazil and Venezuela; Paracoccidiodes restrepiensis (PS3),
belonging to the monophyletic group found mainly in Colombia; and
Paracoccidiodes venezuelensis (PS4), belonging to the monophyletic group found
exclusively in Venezuela [5-8]. Meanwhile, the Paracoccidiodes lutzii genotype
includes just one species, which is the etiologic agent found in the area endemic to
the states of Mato Grosso and Goias, located in the Midwest region of Brazil, as
well as in the Amazon [7,9-12].

PCM diagnosis is performed by visualization or isolation and culture of
the fungus and indirectly by detection of antibodies in serological tests, where the
reactivity and specificity of the tests are directly related to the preparation of
exoantigens produced in house [13]. In addition to its low sensitivity in serological
analyses, Paracoccidioides spp. may also show cross reactions with other
microorganisms, such as Histoplasma spp., Candida spp. and Aspergillus spp [14].

Therefore, the observation of Paracoccidioides spp. suggestive structures using the



44

microbiological (fresh examination or culture) and histopathological techniques is
considered as the gold standard diagnosis [15].

Molecular biology tools have been a great ally in the identification of
phylogenetic species of the genus Paracoccidioides spp. for genotypic studies and
clinical diagnosis performed directly from samples of patients with PCM
[5,11,12,16,17]. Some methodologies such as PCR—Nested [18], conventional PCR

[16], qualitative PCR real time [19,20], microsatellites [8,21], mitochondrial markers

[22], Multilocus Sequence Typing (MLST) [5] and whole genomic sequencing [23]
have been used for the purpose of phylogenetic understanding and for answering
important questions that relate genotypic data to epidemiological and serological
data. A technique that identifies the species (not variety) of the Paracoccidioides
spp. complex and P. lutzii, both environmental and human samples, is the
Polymerase Chain Reaction— Restriction Fragment Length Polymorphism (PCR-
RFLP) of the alpha tubulin (tub1) gene [24].

The species P. brasiliensis sensu stricto (S1a and S1b) has a geographic
distribution in the South and Southeast regions of Brazil and its genotypic frequency
is found in the states of Sdo Paulo, Rio de Janeiro, Minas Gerais and Parana, both
in clinical and environmental samples [2,13,18,24-28]. P. americana (PS2) has its
genotype frequency in several regions of Brazil, mainly in the South (States of
Parana and Rio Grande do Sul) and Southeast (States of Sdo Paulo and Rio de
Janeiro) [12,24,26-28]. The phylogenetic species P. restrepiensis (PS3) has been
described as geographically restricted to Colombia and neighboring territories [5,8].

However, the occurrence of P. restrepiensis (PS3) in Brazil was first
shown by Cocio et al. (2020) in a PCM endemic area from the Southeastern region
(Ribeirao Preto, Sado Paulo, Brazil) [29]. In addition, this species also has been
identified in Botucatu, Sdo Paulo, Brazil [30]. In both municipalities, located in the
central-west and northwest of the state of Sdo Paulo respectively, P. brasiliensis
sensu stricto (S1) is the prevalent species [26,28,30].

In short, the territorial distribution of Paracoccidioides species is not yet
completely known [12,25,31]. In the state of Mato Grosso do Sul, there are no

genetic data about the occurrence of Paracoccidioides species. In this sense, our
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aim was to describe, for the first time, the occurrence of Paracoccidioides species
using genotyping of clinical isolates, instead of serology. Furthermore, the study aim
was also to determine the reactivity profile of exoantigens produced from genotyped

strains of the Paracoccidioides spp. found circulating in the state.

Materials and methods
Ethics statement

This study was approved by the Human Research Ethics Committee
(CAAE: 69793917.0.0000.0021) from the Universidade Federal de Mato Grosso do
Sul (UFMS). The informed consent document was signed by all participants for
research agreement. The parental consent for the participation of the child was

obtained in writing, as well the child assent.

Patients and methods
Patients

Location, period and design. This study was conducted with PCM
cases diagnosed between May 2016 and October 2019, from the reference center
for Infectious and Parasitic Diseases at the UFMS hospital, located in the state of
Mato Grosso do Sul, Brazil. Thirteen patients, from whom fungus of the
Paracoccidioides genus was isolated, participated in the study.

Clinical and sociodemographic analysis. All patients with
Paracoccidioides species isolated from their clinical sample cultures were included
in this study. Clinical and sociodemographic data collected from the medical records
database of PCM patients comprise: age, gender, municipality where they live,
occupation, agricultural activity, HIV infection, symptoms, clinical form of PCM,
severity, affected organs, therapeutic regimen, outcome and sequelae.

The affected organs were identified by clinical examination (skin,
peripheral lymph nodes and pharynx), computed tomography (CT) (lungs, deep-

chain lymph nodes, spleen, liver, central nervous system and adrenal glands) or by
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videoscopy (for larynx and intestine). The PCM clinical form of PCM was classified
into acute/subacute or chronic, according to Mendes et al., 2017 [3].

Migratory history. Information about patients’ migratory history was
obtained by questionnaire applied to each patient and/or the responsible family
member. These collected data were: hometown, municipalities they have worked or
lived in and previous occupations.

Treatment. PCM cases were treated with Amphotericin B, Itraconazole
or Sulfamethoxazole-Trimethoprim combination (also known as Cotrimoxazole),

according to the recommendations of the Brazilian guidelines on PCM [13].

Methods
Fungal strains

Sixteen clinical strains from 13 PCM cases, collected from different
sources, including 5 skin lesion fragments, 4 lymph node aspirates, 4 oral lesion
scrapings, 2 sputum and 1 tracheal aspiration were identified by classical methods
of fungal identification and identified as belonging to the genus Paracoccidioides
spp. These clinical isolates were maintained at 36°C, in the form of yeast cells, in
Fava-Netto’'s medium for further genotyping and/or exoantigen production.
References strains used in this study are Pb18, representative of P. brasiliensis
sensu stricto (S1b) [8]; Pbdog—EPM 194, considered P. americana (PS2) species
[12]; T2—EPM 54, representative of P. restrepiensis (PS3) [24] and Pb01-like,

which represents P. lutzii [7].

Genomic DNA extraction from Paracoccidioides strains

The genomic DNAs isolated from Paracoccidioides yeast cells (reference
and clinical strains) were obtained using the ZR Fungal/Bacterial extraction kit
(Zymo Research, Irvine, California, United States), according to the manufacturer’s
protocol, and quantified using the NanoDrop 2000 (Thermo Fisher Scientifc Inc,

Massachusetts, United States).
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Identification of Paracoccidioides species, phylogenetic analisys and
geographic localization for this PCM case series

Clinical isolates from PCM patients were genotyped (tub1-PCR-RFLP) to
determine their phylogenetic species, following previously described methodology
by Roberto et al. (2016) [24], with modification of primers as described by Hrycyk et
al. (2018) [26]. Descriptive analysis of clinical and sociodemographic variables from
PCM patients were presented according to the identified phylogenetic species.

The.jpg file generated in the photo, documentation of the tub1 gene
fragments from clinical and reference strains submitted to the PCR—RFLP
technique in this study, was used as input data for phylogenetic analysis using the
PyEph 1.4. That is a software that extracts evolutionary data through of DNA
fragments to generate phylogenetic trees using evolutionary methods available in
this tool [32]. The method chosen for the phylogenetic analysis of the clinical and
reference strains used in this study was Neighbor-Joining (NJ), where a dendrogram
was constructed calculating the minimum evolution rate between them, only

changing the value of genetic distance rate to 3%.

Production of exoantigens and accomplishment of serological tests

The exoantigens were produced in house, according to the methodology
used by Camargo et al. [14], from three genotyped species o Paracoccidioides
genus, circulating in the state of Mato Grosso do Sul: P. brasiliensis sensu stricto—
S1b (Pb18) [8], which was designated as Pb_Ag; P. restrepiensis—PS3 (EPMO01-
B_339) [14] named as Pr_Ag; and P. lutzii (clinical isolate from this study—MS2451)
defined as PI_Ag. To determine the reactivity profile of produced exoantigens, the
double agar gel immunodiffusion technique (DID) was performed as described
previously [33], against 13 PCM patients’ sera, from the same cases from which the

clinical strains were isolated.

Statistical analysis
Statistical analysis was performed by Fisher’s exact test for comparison

of two frequencies from independent samples, and the Cochran Q test for
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comparison of occurrence of more than two dependent variables. Then, comparison
of organs involved occurrence between P. brasiliensis and P. restrepiensis was
analyzed by Fisher's exact test. While, multiple comparisons of its DID reactivity
were performed using Cochran Q test. The P. lutzii data were not included because
only one strain was described. Significance was set up at p = 0.05. The statistical

software used was SAS—Statistical Analysis System, version 9.2.

Results
Sociodemographic and clinical aspects of this PCM case series

The sociodemographic characteristics of the PCM patients included in
the study are presented in Table 1. All PCM cases, with isolated fungus from their
culture exams, included in the study were male, with a mean age (SD) of 46 years
(11.77), with most of them (84.6%, 11/13) over the age of 40. Regarding occupation,
46.1% (6/13) carry out activities with risk for infection by Paracoccidioides spp. (4
bricklayers and 2 rural workers), while 69.2% (9/13) are currently participating or
have already participated in agricultural activities.

More than 90% of PCM cases were classified as chronic form (12/13), of
which 53.8% had severe disease (7/13) and 10 (76.9%) reported fever, as shown in
S1 Table. Twelve patients (92.3%) had at least one extra-pulmonary organ affected
(S2.Table and S1 Fig). Most patients (53.8%, 7/13) were treated with cotrimoxazole,
one died at admission, before treatment, and two died during the follow-up (S1
Table).
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Table 1. Sociodemographic characterization of the studied PCM cases, Mato
Grosso do Sul, Brazil (2016-2019).

PCM Cases | Sex |Age |Birthplace Current local ! Occupation Agricultural
activity
Male | 42 |Deodapolis, MS Itaquirai, MS Milkman No
Male | 17 |Miranda, MS Campo Grande, MS Not work No
Male | 59 |Campo Grande, MS | Sidrolandia, MS Building Painter Yes
Male | 56 |Pedro Juan Ponta Pora, MS Baker Yes
Caballero—PY
Male | 27 |Maracaju, MS Maracaju, MS Physical No
Educator
Male | 45 |Parana—PR Campo Grande, MS Bricklayer Yes
Male | 43 Sllé’)ria de Dourados, |Campo Grande, MS Bricklayer Yes
Male | 56 |Aurora, CE Rio Verde de Mato Farm work Yes
Grosso, MS
Male | 56 |Tarumirim, MG Campo Grande, MS Bricklayer Yes
Male | 56 |Guauraci, PR Campo Grande, MS Farm work Yes
Male | 48 |Campo Grande, MS |Campo Grande, MS Bricklayer Yes
Male | 47 |Bataypora, MS Campo Grande, MS Ignored Ignored
Male | 47 |Amambai, MS Campo Grande, MS Picture Painter Yes

13

1 considered in this study as the geographic localization of PCM cases

Identification of Paracoccidioides species and geographic localization for this
PCM case series

The genotyping (tub71-PCR-RFLP) of these clinical isolates revealed the
occurrence of three different Paracoccidiodies species: P. brasiliensis sensu stricto
(S1) (11/16), P. restrepiensis (PS3) (4/16) and P. lutzii (1/16) (Iable 2 and S2 Fiqg).

All PCM cases described in this study (n = 13) are of patients current
living in Mato Grosso do Sul, Brazil. Nine of them (9/13; 69.2%) were infected by P.
brasiliensis sensu stricto (S1), three (3/13; 7.7%) by P. restrepiensis (PS3) and just
one (1/13; 7.7%) by P. lutzii. The occurrence of P. brasiliensis sensu stricto (S1) did
not differ from that of P. restrepiensis (PS3) (p>0.05), while the occurrence of this
species was higher than that of P. lutzii (<0.001). Regarding the birthplaces, eight
PCM patients were born in the state of Mato Grosso do Sul (Midwestern region,

Brazil); two in the state of Parana (Southern region, Brazil), one in the state of Minas
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Gerais (Southeast region, Brazil), one in the state of Ceara (Northeast region, Brazil)
and another in Pedro Juan Cabajero, Paraguay. It is noteworthy that the migratory
history survey showed that the only patient infected by P. lutzii lived for a period in
the state of Rondénia (Western region, Brazil), despite having been born in the state
of Mato Grosso do Sul.

Fig 1 presents the phylogenetic analysis of the thirteen clinical isolates
submitted to this study, using the NJ method to assess the genetic distance between
them. The result shows that, thirteen samples evaluated phylogenetically, nine have
evolutionary proximity with Pb18, thus belonging to the P. brasiliensis sensu stricto
(S1). Three clinical isolates had genetic similarity with the reference strain EPM54—
T2—P. restrepiensis (PS3), thus confirming their inclusion in this clade. Only one
isolate (MS2451) had similarity with the reference strain Pb01, characterizing as P.
lutzii. Pb01, MS2541 and EPM194-Pbdog were considered an external group into
Paracoccidioides spp. species, showing genetic divergences in comparison to
clinical isolates and reference strains of P. brasiliensis sensu stricto (S1) and P.

restrepiensis (PS3), which that have genetic similarity between them.
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Table 2. Molecular identification of Paracoccidioides clinical strains in Mato

Grosso do Sul, Brazil (2016-2019).

1

2

PCM Cases

1

10
11

12
13

Samples from which were isolated the clinical strains by culture
by PCR-RFLP of fub1 gene as described by Roberto et al (2016)

Clinical sample *

Sputum

Lymph node aspirate

Skin lesion

Lymph node aspirate

Oral lesion scraping

Skin lesion

Skin lesion

Oral lesion scraping

Skin lesion

Oral lesion scraping

Lymph node aspirate

Skin lesion

Oral lesion scraping
Sputum

Lymph node aspirate

Tracheal aspirate

Clinical strains

MS1198

MS1185

MS2185

MS2197

MS2591

MS2572

MS1222

MS2940

MS1622

MS1162

MS2791

MS1165
MS190
MS180
MS2343
MS2451

Genotyped species 2

P. brasiliensis sensu stricto
(81)

P. brasiliensis sensu stricto
(81)

P. brasiliensis sensu stricto
(1)

P. brasiliensis sensu stricto
(81)

P. brasiliensis sensu stricto
(81)

P. brasiliensis sensu stricto
(81)

P. brasiliensis sensu stricto
(81)

P. brasiliensis sensu stricto
(81)

P. brasiliensis sensu stricto
(81)

P. brasiliensis sensu stricto
(81)

P. brasiliensis sensu stricto
(81)

P. restrepiensis (PS3)
P. restrepiensis (PS3)
P. restrepiensis (PS3)
P. restrepiensis (PS3)

P. lutzii
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Serological profile for this PCM case series

The serum reactivity of the 13 patients varied according to the exoantigen
used in the DID test (S1_Table). The positivity of the test is higher with Pb_Ag and
Pr_Ag than with PI_Ag. In addition, the serum positivity with homologous antigen
was 77.8% for Pb_Ag and 66.7% for Pr_Ag (p = 0.87), and the homologous

negativity was not different with these two antigens (p = 0.87).

4100
MS2451 - P. lutzii
29:2
104 PbO1 - P lutzii
4.2 . 1%
———EPM194 — P. americana (PS2)
o ‘ MS2343 — P. restrepiensis (PS3)
: MS182 — P. restrepiensis (PS3) 4+ 60
10.4 MS1165 — P. restrepiensis (PS3)
EPMS54 T2 — P. restrepiensis (PS3)
875 MS1198 - P. brasiliensis sensu stricto (S1)
MS2197 - P. brasiliensis sensu stricto (S1) 4 F 40
MS2591 - P. brasiliensis sensu stricto (S1)
MS2572 - P. brasiliensis sensu stricto (S1)
MS1222 - P. brasiliensis sensu stricto (S1)
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Fig 1. Phylogenetic analysis of tub1 fragments generated by the PCR—RFLP technique of
clinical and reference strains used in this study. The evolutionary method used to analyze the
genetic distance between them was Neighbor Joining (NJ). Pb01 (P. lutzii), MS2451 (P. lutzii) and
EPM194 (P. americana (PS2)) were considered as species of close genetic variety and external
group due to the phenomenon long branch attraction (LBA). Pb18 (P. brasiliensis sensu stricto
(S1)) and EPM54 (P. restrepiensis (PS3)) had similarity with the clinical isolates classified in their

respective species and showing a common similarity between them.

On the contrary, a few cross-reactions were observed with P/_Ag-one
with a patient infected with P. brasiliensis sensu stricto (S1) and one with P.
restrepiensis (PS3) (S1.Table).

PCM has been confirmed in 100% of cases (13/13) by culture, and DID
serology was positive in most (11/13), with 9, 9 and 3 reactive samples using Pb_Ag,
Pr_Ag and Pb_Ag, respectively (S1_Table). Of these, 30.8% (4/13) of samples
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presented false negative results when tested with Pb_Ag or Pr_Ag, and 76.9%

(10/13) presented false negative results when using PI/_Ag. No statistically

significant differences (p 20.05) in DID reactivity were found between S1 and PS3

cryptic species.

Update on occurrence of Paracoccidioides species in the Midwest region

We performed a review of the literature looking for previously reports of

PCM cases in the Midwest region, that have been diagnosed by molecular

techniques (S3_Table). The geographic distribution of Paracoccidioides species

previously reported [6,7,9,12,24,25,31,34—36] was grouped with our data to present

an update on occurrence of phylogenetic species in the Midwest region, Brazil (Eig

2).

Brazil

Legend:

® Paracoccidioides lutzii
A Paracoccidioides brasiliensis sensu stricto (S1)
m Paracoccidioides restrepiensis (PS3)

Midwest region of Brazil

Goias state
o A
.

Mato Grosso do
Sul state ®

]

A N
A | |
A, AAN
A LA

Fig 2. Brazil map showing an update on the Paracoccidioides species distribution in the

Midwest region, Brazil. The map groups all Paracoccidioides clinical isolates previously reported
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in the literature [6,7,9,12,24,25,31,33—35] for this region, additionally with found phylogeneticspecies

from this study. The black triangles ( A ) represent the geographic distribution of P. brasiliensis sensu
stricto (S1) in Goias and Mato Grosso do Sul (MS) states, black circles (e) indicate the presence of P.
lutzii in the three estates, while black squares (m) are P. restrepiensis (PS3) foundonly in MS state.
The map was treated using the vector graphics editor Corel Draw X8. Source: Cartographic bases

(shapefiles) from Brazilian Institute of Geography and Statistics (IBGE) 2013, with maps.

Discussion

Molecular epidemiology is revealing the geographical distribution of
Paracoccidioides species into endemic areas [9,24,27,29,31,37]. PCM cases
currently are described in almost all regions of Brazil, except the interior of the
Northeast [2]. This descriptive study presents a thirteen case PCM series in the
state of Mato Grosso do Sul, Brazil, from which clinical Paracoccidioides strains
were isolated and genotyped. Thus, for the first time in this state, the clinical
Paracoccidioides species were molecularly identified, instead of identification being
based on serological data. We found nine clinical isolates genotyped as P.
brasiliensis sensu stricto (S1), three isolates as P. restrepiensis (PS3), and only one
as P. lutzii.

The best choice to identify the Paracoccidioides species is the molecular
approach using clinical isolates from culture exam; however, it grows slowly in
culture media. For example, despite this study having enrolled only 13 PCM cases,
this series came from the 56 identified new cases admitted to our reference center
between 2016 and 2019, and the continuous character of this procedure should be
considered, in order to define the present picture and future directions.

Genotype studies evaluating clinical and environmental isolates from
Brazilian South and Southeast regions, bordering the state of Mato Grosso do Sul,
have shown an occurrence of P. brasiliensis sensu stricto (S1), confirming the
predominance of this species in these areas [2,13,24-28]. In addition, P.
restrepiensis (PS3), a phylogenetic species characterized by Matute et al. (2006),
previously considered to be restricted to Colombia, was already found (two

isolates—human and soil) in Venezuela in 2016, and recently in Southeastern Brazil
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[5,6,24,29]. Now, we present the first report of P. restrepiensis (PS3) occurrence in
the Brazilian Midwest region. Our findings could suggest that endemic areas for
PCM would be expanding from the South and Southeast regions to the Midwest and
North in Brazil, maybe due to migration for the establishment of agriculture and
animal husbandry [2]. However, further studies are needed to explore this potential
spread.

Studies have suggested that the Brazilian Midwest region is the area in
which P. lutzii is identified with higher frequency than in other regions, based mainly
on reports from the state of Mato Grosso [7,9,12,18]. This finding was frequently
misinterpreted as meaning that P. lutzii predominates other species in this region.
In a recent publication, Hahn et al. (2019) reported that during the period 2011 to
2017 only 34 PCM patients at the reference center were treated due to P. lutzii in
the state of Mato Grosso [9]. In addition, studies on PCM caused by P. lutzii from
the state of Mato Grosso do Sul were performed based on serological identification
25,30]. The genotyping identification of a great number of fungi of the
Paracoccidioides genus should be performed to identify the species distribution in
different Brazilian regions.

Our findings partially differed from previous expectations, with only one
P. lutzii isolate. The incidence rate of this disease in adults, who frequently migrate,
and the long period of latency after infection, ranging from years to decades, means
that it becomes difficult, if not impossible, to determine the geographic origin of these
phylogenetic species. Thus, it is possible that the patients had acquired the infection
in other locales. Five of 13 (38.5%) patients presented a past history of having lived
in other Brazilian states. Four were born in different regions of Brazil (Northeast,
South and Southeast), and currently are living in the state of Mato Grosso do Sul.
For instance, one patient was born in the state of Ceara, where PCM is rare [38],
and another one in Minas Gerais, an important endemic area [39,40]; both patients
were infected by P. brasiliensis sensu stricto (S1). In addition, two patients were
born in the state of Parana—one infected by P. restrepiensis (PS3) and another by
P. brasiliensis sensu stricto (S1), respectively rare and common genotypes in this

Brazilian region. On the other hand, the patient infected by P. lutzii was born in the
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state of Mato Grosso do Sul, but he lived for some time in the state of Rondénia
(Northern region), where this phylogenetic species had already been reported in
clinical and environmental samples [11,18].

Observing phylogenetic data of the clinical isolates by the NJ method,
strains identified as P. brasiliensis sensu stricto (S1) and P. restrepiensis (PS3)
presented a common ancestry, that can suggest that species 1 (P. brasiliensis
sensu stricto—S1) suffered speciation by a possible geographic barrier generating
the phylogenetic species 3 (P. restrepiensis—PS3) [29,31]. The strains Pb01 (P.
lutzii), MS2451 (P. lutziiy and EPM194—Pbdog (P. americana (PS2)) were
considered as species of the external group in this phylogenetics analisys (NJ),
because they belong to species considered as high genetic divergence, respectively
[5-8]. We know that the species P. lutzii and P. americana (PS2) have evolutionary
distance compared to other species of the Paracoccidioides spp. (P. brasiliensis
sensu stricto (S1), P. restrepiensis (PS3) and P. venezuelensis (PS4)) [3-6]. So,
the phylogenetic analysis used in this study grouped these clades observing a long
branch attraction (LBA) between them [41].

The evolutionary method used in our study, NJ classified P. lutzii and P.
americana (PS2) as genetically close species, but it was a mistake because in the
proposed nomenclature classification for species of the genus Paracoccidioides
spp. these are considered to genetic diverge from each other [6,7]. Thus, P. lutzii
and P. americana (PS2) were considered species that evolved quickly in the
Paracoccidoides spp, phenomenon known as LBA. Due to the techniques used to
identify species and the phylogenetic analysis used in this study, we are limited in
terms of the availability of evolutionary methods to assess similarity between strains,
but the tub1—PCR RFLP method and the phylogenetic tree built by the NJ method
were able to answer the aspects of occurrence of Paracoccidioides species in the
state of Mato Grosso do Sul.

Knowledge of the geographical distribution of species regarding
genotype is important to define the antigen used in the serological tests, for
diagnosis and control of cure, and in specific clinical, radiological and therapeutic

aspects if differences are detected. Our serological results showed a high positivity
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for heterologous antigens between P. brasiliensis sensu stricto (S1) and P.
restrepiensis (PS3), both from the Paracoccidoides spp. complex. Similar results
were recently observed between P. brasiliensis sensu stricto (S1) and P. americana
(PS2), once again between species from the Paracoccidoides spp. complex [27].
On the other hand, serum from only two PCM patients—one infected by P.
brasiliensis sensu stricto (S1) and one by P. restrepiensis (PS3) reacted with the P.
lutzii antigen, and serum from the patient infected by P. lutzii did not react with the
P. brasiliensis sensu stricto (S1) antigen nor with the P. restrepiensis (PS3) antigen.
This explains the previous results of false negative reactions in the serum of patients
infected by P. lutzii tested with the antigen from P. restrepiensis (PS3)-B339, which
belongs to the Paracoccidioides spp. complex. Species from the Paracoccidioides
spp. complex present similar protein profiles, explaining the cross reactions among
its cryptic species [42], while P. lutzii isolates present different protein profiles, which
will demand future studies to define a better antigen for a more specific serological
diagnosis [35,42].

The genotypic identification of clinical and environmental isolates of
Paracoccidioides spp in countries in Latin America such as Brazil, Argentina,
Paraguay and Colombia has been important to understand the geographic
distribution of this species in these endemic regions of the PCM [2]. Some countries
in South America have the genotypic classification determined according to the
relationship between the phylogenetic frequency of each species and its geographic
region. P. restrepiensis (PS3) was determined to be a species found exclusively in
Colombia, but has been identified in countries such as Venezuela, Brazil, Argentina,

Peru and Bolivia [5,23,24,29]. These reports of the presence of P. restrepiensis

(PS3) in countries outside of Colombia suggest a possible evidence of geographic
expansion of the species in countries that the presence of this clade is unexpected
in other regions of South America, but genotypic studies must be carried out to
respond to the genotypic frequency of species of Paracoccidioides spp. genus so
far exclusive in certain regions and countries of Latin America. Another species of
the genus Paracoccidioides spp. that has been observed in a phylogenetic and

genotypic study in South American countries is P. brasiliensis sensu stricto (S1)
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where, its genotypic frequency found in Argentina and Paraguay, corroborating with
data from the South and Southeast of Brazil, as well as observed in the Mato Grosso
do Sul, MS shown in this study [23]. P. lutzii was found in Ecuador [10], showing
unexpected evidence of his clade outside its endemic region in the Midwest region
of Brazil. With that, we observe the geographic distribution of species until then
exclusive in certain countries of South America.

Our findings reinforce the importance of the identification at molecular
level of the fungal species occurring in every endemic area. Which could be the key

target for the best development of the diagnosis and follow-up of PCM patients.
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S1 Fig. Affected organs of 13 PCM patients from the state of Mato Grosso do
Sul, Brazil, with genotyping identification of the etiological agent. Period 2016—
2019. Lower-case letters compare occurrences; frequencies followed by the same
letter do not differ, while those followed by different letters are statistically different

(p0.05). Multiple comparisons were performed using Cochran Q test. (TIF)
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S2 Fig. PCR-RFLP detection and species identification of Paracoccidioides
genus. Fragment standard after digestion with Bcll and Mspl endonucleases (fub1
PCR-RFLP describe by Roberto et al., 2016 and modified by Hrycyk et al., 2018),
showing a similarity between clinical isolates and reference strains of
Paracoccidioides species. 3% agarose gel verifying similarity of fragments between
the reference strains: A: Pb18—P. brasiliensis sensu stricto (S1); B: Pbdog— EPM
194—P. americana (PS2); C: EPM 54—T2—P. restrepiensis (PS3); D: PbO1—P.
lutzii; and the clinical samples in this study (1 to 13—see in Table 2). M: 50 bp DNA
ladder molecular weight marker (Sinapse Inc., USA). (TIF)



60

S1 Table. Clinical aspects and serological data of the studied PCM cases, Mato Grosso do Sul, Brazil (2016-2019). (XLSX)

Affected organs 2

IDD reactivity 3

c:?:s Et:;::ﬁ;ﬁa' Clinical form  Severity HIV/AIDS Fever  Therapy  Outcome Sequelaes
a PI_Ag
Skin Pharynx Larynx Lyrmeln Liver Spleen Intestine CNS Lung sl Pb_Ag® Pr_Ag®
Node glands ¢
po ; ’ Pulmonar
1 brasiliensis Chronic Severe No Yes Cotrimoxazole Treated fibrosisy Yes Yes No Yes No No No No Yes Yes (+) (+) (-)
sensu stricto
P. Ampbhotericin Loss to
2 brasiliensis  Acute/subacute  Severe No Yes B and Yes No No Yes Yes Yes Yes No No No (+) (+) (-)
sensu stricto ltraconazole _
follow-up
P.
3 brasiliensis Chronic Moderate No No  Cotrimoxazole Pulmonary Yes Yes No No No No No Yes Yes No (+) (+) (+)
sensu stricto Treated fibrosis and
P. epilepsy
4 brasiliensis Chronic Moderate No Yes Itraconazole n Yes Yes Yes No No No No No Yes No (+) (+) (-)
sensu stricto
P treatment )
5 brasiliensis Chronic Moderate Yes Yes Cotrimoxazole '"€atmen Yes No No Yes No No No No No No (+) (+) (-)
sensu stricto
No
P. Treated |
6 brasiliensis Chronic Severe No Yes Cotrimoxazole sequelae  \q Yes No No No No No Yes Yes No ) ) )
sensu stricto
In
P.
7 brasiliensis Chronic Moderate No Yes ltraconazole _ Yes No No No No No No No Yes Yes (+) (+) (-)
sensu stricto treatment
P.
8 brasiliensis Chronic Moderate No Yes Cotrimoxazole Treated Pulmonary No Yes Yes No No No No Yes No ) ) )
sensu stricto fibrosis
P H
9 brasiliensis Chronic Severe No Yes Cotrimoxazole In ogrsen(tess No No Yes Yes No No No No Yes No (+) (+) -)
sensu stricto treatment 2nd Sepum
destruction
In

treatment



P.
10 restrepiensis

P.
11 restrepiensis

P.
12 restrepiensis

13 P. lutzii

Chronic

Chronic

Chronic

Chronic

Moderate

Severe

Severe

Severe

No

No

No

No

No

Yes

Yes

No

Loss to
Itraconazole
follow-up
. In
Cotrimoxazole
treatment
Amphotericin Death

B

No treatment Death

Yes

No

No

No

No

Yes

Yes

No

Yes

No

No

No

Yes

Yes

Yes

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Yes

Yes

Yes

Yes

No

No

No

No
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1 determined by PCR-RFLP of tub1 gene as described by Roberto et al (2016); 2 defined by clinical exam; 3 DID reactivity using produced exoantigens from Paracoccidioides species circulating in Mato Grosso do Sul; 2 Pb_Ag

exoantigen from P. brasilienis sensu stricto (Pb18, S1b);® Pr_Ag exoantigen from P. restrepiensis (PS3, EPM01: B_339); and ° PI_Ag exoantigen from P. lutzii (MS2451 clinical isolate of this study)
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S2 Table. Organs involved in 13 PCM cases stratified by genotyped species.
(XLSX)

P. brasiliensis sensu stricto P. restrepiensis  P. lutzii

Oroang invalved n-valne®
(n=9) (n=23) (n=1)
Skin 6 1 - 0.52
Pharynx 4 3 - 0.20
Larynx 3 1 - 0.99
Lymph node 5 3 - 0.49
Liver 1 - - 0.99
Spleen 1 - - 0.99
Intestine 1 - - 0.99
g;;t;a; Nervous ) ) ) 0.99
Lungs 7 3 1 0.99
Adrenal glands 2 - - 0.99

* Comparison of prevalences between P. brasiliensis and P. restrepiensis by Fisher’s exact test.
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S3 Table. Geographic distribution of clinical isolates identified by molecular biology in the Midwest region of Brazil.

(XLSX)
Clinical isolates Geographic localization Molecular technique Identified Species Type of study References
Original ID Other ID
State of Mato Grosso (MT)
189 - Mato Grosso, Brazil MLST and tubl — PCR RFLP P. lutzii Phylogenetic [7,11,24]
9840 - Mato Grosso, Brazil MLST P. lutzii SRR [7,25]
Serological
84 - Mato Grosso, Brazil MLST and tubl — PCR RFLP P. lutzii Phylogenetic [7,11,24]
Raj2 - Mato Grosso, Brazil MLST and tubl — PCR RFLP P. lutzii Phylogenetic [7,11, 24]
61 - Mato Grosso, Brazil MLST and tubl — PCR RFLP P. lutzii Phylogenetic [7,11,24]
206 - Mato Grosso, Brazil MLST and tubl — PCR RFLP P. lutzii Phylogenetic [7,11, 24]
351 - Mato Grosso, Brazil MLST and tubl — PCR RFLP P. lutzii Phylogenetic [7,11,24]
57 - Mato Grosso, Brazil MLST and tubl — PCR RFLP P. lutzii Phylogenetic [7,11, 24]
218 - Mato Grosso, Brazil MLST and tubl — PCR RFLP P. lutzii Phylogenetic [7,11, 24]
7 - Mato Grosso, Brazil MLST and tubl — PCR RFLP P. lutzii Phylogenetic [7,11, 24]
133 - Mato Grosso, Brazil MLST P. lutzii Phylogenetic [7,11]
694 - Mato Grosso, Brazil MLST P. lutzii Phylogenetic [7,11]
JT-2 - Mato Grosso, Brazil MLST P. lutzii Phylogenetic [7]
369 - Mato Grosso, Brazil MLST P. lutzii Phylogenetic [7]
283 - Mato Grosso, Brazil MLST P. lutzii Phylogenetic [7]
375 - Mato Grosso, Brazil MLST P. lutzii Phylogenetic [7]
397 - Mato Grosso, Brazil MLST and tubl — PCR RFLP P. lutzii Phylogenetic [7,11, 24]
JAL - Mato Grosso, Brazil MLST P. lutzii Phylogenetic [12]
EE - Mato Grosso, Brazil MLST P. lutzii Phylogenetic [11,35]
5979 - Mato Grosso, Brazil MLST P. lutzii Phylogenetic [11]
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3159 - Mato Grosso, Brazil MLST P. lutzii Serological [25]
2875 - Mato Grosso, Brazil MLST P. lutzii Serological [25]
2912 - Mato Grosso, Brazil MLST P. lutzii Serological [25]
JMS - Mato Grosso, Brazil MLST P. lutzii Phylogenetic [11,34]

JHS - Mato Grosso, Brazil MLST P. lutzii Phylogenetic [11,34]
MFC - Mato Grosso, Brazil MLST P. lutzii Phylogenetic [11, 34, 35]
MND - Mato Grosso, Brazil MLST P. lutzii Phylogenetic [34]

2226 - Mato Grosso, Brazil MLST P. lutzii Phylogenetic [34]

2422 - Mato Grosso, Brazil MLST P. lutzii Phylogenetic [34]

31AMS - Mato Grosso, Brazil MLST P. lutzii Serological [35]

MT isolates* - Mato Grosso, Brazil tubl —PCR RFLP and HSP sequence P. lutzii Epidemiology [9]
State of Goias (GO)

135 = Goias Brazil MLST P. lutzii Phylogenetic [7]
Pbo1 ATCC -MYA - 826 Goias, Brazil MLST P. lutzii Phylogenetic [7]
EDO01 = Goias, Brazil RAPD and Trem sequence P. lutzii Phylogenetic [6, 11, 34]
Pb66 - Goias, Brazil MLST P. lutzii Epidemiology [12,25]
EPO01 - Goias, Brazil MLST P. lutzii Serological [25]
2912 - Goias, Brazil MLST P. lutzii Serological [25]
8334 = Goias, Brazil MLST P. lutzii Serological [11,25]
8941 - Goias, Brazil MLST P. lutzii Serological [25]
1578 - Goias, Brazil Whole genome sequence P. lutzii Phylogenetic [6, 11,25]
Pb13 B19 Goias, Brazil tubl — PCR RFLP P. brasiliensis sensu stricto (S1) Phylogenetic [24]

State of Mato Grosso do Sul (MT)

MS1 - Mato Grosso do Sul, Brazil Whole genome sequence P. brasiliensis sensu stricto (Sla) Phylogenetic [6,11]
MS2 - Mato Grosso do Sul, Brazil Whole genome sequence P. brasiliensis sensu stricto (Sla) Phylogenetic [6,11]
MS1198 - Mato Grosso do Sul, Brazil tubl — PCR RFLP P. brasiliensis sensu stricto (S1) Molecular Epidemiology This study
MS1185 - Mato Grosso do Sul, Brazil tubl — PCR RFLP P. brasiliensis sensu stricto (S1) Molecular Epidemiology This study
MS2185 - Mato Grosso do Sul, Brazil tubl — PCR RFLP P. brasiliensis sensu stricto (S1) Molecular Epidemiology This study



MS2197
MS2591
MS2572
MS1222
MS2940

MS1622

MS1162

MS2791

MS1165
MS190
MS180

MS2343

MS2451

Mato Grosso do Sul, Brazil
Mato Grosso do Sul, Brazil
Mato Grosso do Sul, Brazil
Mato Grosso do Sul, Brazil

Mato Grosso do Sul, Brazil

Mato Grosso do Sul, Brazil

Mato Grosso do Sul, Brazil

Mato Grosso do Sul, Brazil
Mato Grosso do Sul, Brazil
Mato Grosso do Sul, Brazil
Mato Grosso do Sul, Brazil
Mato Grosso do Sul, Brazil

Mato Grosso do Sul, Brazil

tubl — PCR RFLP
tubl — PCR RFLP
tubl — PCR RFLP
tubl — PCR RFLP
tubl — PCR RFLP

tubl — PCR RFLP

tubl — PCR RFLP

tubl — PCR RFLP
tubl — PCR RFLP
tubl — PCR RFLP
tubl — PCR RFLP
tubl — PCR RFLP

tubl — PCR RFLP

P. brasiliensis sensu stricto (S1)
P. brasiliensis sensu stricto (S1)
P. brasiliensis sensu stricto (S1)
P. brasiliensis sensu stricto (S1)

P. brasiliensis sensu stricto (S1)

P. brasiliensis sensu stricto (S1)

P. brasiliensis sensu stricto (S1)

P. brasiliensis sensu stricto (S1)
P. restrepiensis (PS3)
P. restrepiensis (PS3)
P. restrepiensis (PS3)
P. restrepiensis (PS3)

P. lutzii

Molecular Epidemiology
Molecular Epidemiology
Molecular Epidemiology
Molecular Epidemiology
Molecular Epidemiology
Molecular Epidemiology
Serological
Molecular Epidemiology
Serological
Molecular Epidemiology
Molecular Epidemiology
Molecular Epidemiology
Molecular Epidemiology
Molecular Epidemiology

Molecular Epidemiology

This study
This study
This study
This study
This study

This study

This study

This study
This study
This study
This study
This study

This study
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Legend:* 34 isolates from Mato Grosso State was genotyped by tubl — PCR RFLP and sequence of Heat Shock Protein (HSP) and your identifications were not informed.

Random Amplified Polymorphic DNA; RFLP - Restriction Fragment Length Polymorphism; Trem - Transposable element mariner.

MLST - Multi Local Sequence Typing; RAPD -
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CONCLUSAO

O estudo, nas condi¢gées em que foi desenvolvido, permite concluir que:

e A maioria dos isolados submetidos a tipagem molecular foram identificados como
P. brasiliensis stricto sensu, indicando que, possivelmente, esta é a espécie
predominante nos casos de PCM em Mato Grosso do Sul.

e Casos de PCM por P. restrepiensis também foram observados, assim como um
unico caso de PCM por P. lutzii. Este ultimo, no entanto, havia residido em
Rondénia, onde pode ter adquirido a infecgao.

e Nenhuma associagao foi observada entre a espécie de Paracoccidioides e 0s
orgaos acometidos pela PCM.

e Pacientes com PCM por P. brasiliensis e P. restrepiensis, ambas do complexo
P. brasiliensis, apresentaram sororreatividade no teste IDD frente a antigenos
produzidos a partir dessas espécies, indiferentemente; enquanto a sororreacéo
frente a antigenos produzidos a partir de P. lutzii foi baixa. Além disso, o unico
paciente com PCM por P. lutzii foi sororreagente apenas a antigeno de P. lutzii,
indicando uma reagao espécie-especifica.

e Esses achados reforcam a importancia de se conhecer a espécie envolvida na
PCM e de se utilizar antigenos das diferentes espécies no teste de imunodifuséo,

tanto para aprimorar o diagndstico quanto para o controle de cura



