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ISHIUCHI, Giovana Gomes de Carvalho. Deteccao de infecgcao por
Paracoccidioides brasiliensis em caes e animais silvestres da regidao norte do
estado do Parana. 2017-2022. 63 f. Tese (Doutorado em Patologia Experimental) —
Universidade Estadual de Londrina, Londrina, 2022.

RESUMO

A paracoccidioidomicose (PCM) é uma micose sistémica de importancia médica
ocasionada por fungos termo-dimorficos do género Paracoccidioides. A PCM é
endémica em paises da América Latina e o Brasil € o pais com 0 maior numero de
casos. O estado do Parana é uma regiao endémica para PCM humana. A infecgéo
por P. brasiliensis também tem sido descrita em animais domésticos e silvestres. O
objetivo deste trabalho foi avaliar a infeccao por P. brasiliensis em caes e animais
silvestres da regido Norte do Estado do Parana. Um total de 627 amostras de soros
de céaes das regides norte (n= 186), sul (n= 94), leste (n= 100), oeste (n= 172) e
central (n= 75) da area urbana da cidade de Londrina foram avaliados pelos
métodos de imunodifusao (ID) e ELISA utilizando exoantigeno e Western Blot (WB)
com gp43 recombinante (gp43r). Amostras de figado (n= 65), linfonodos (n= 37),
pulmdes (n= 78) e bago (n= 28) pertencentes a 87 animais silvestres atropelados em
rodovias de cidades da Regido Norte do Parana foram analisadas por Nested PCR
utilizando os primers panfungais ITS 4/5 na primeira reagao e primers especificos Pb
ITS E/R na segunda reagdo. Em relagcdo aos estudo soroepidemiolégico com cées,
55,5% das amostras foram positivas no ELISA com exoantigeno. A PCM infecgao foi
confirmada por WB com gp43r em 216 (34,4%) animais. Quatro caes (0,64%) foram
positivos no teste de ID, sugerindo PCM doenga ativa. No estudo com animais
silvestres atropelados, houve amplificacdo de DNA de P. brasiliensis em amostras
de figado e bago de um urubu (Coragyps atratus) e uma amostra de pulmao de uma
lebre (Lepus europaeus). O urubu foi coletado em area rural da cidade de Urai e a
lebre, em zona urbana da cidade de Londrina, ambos em areas arborizadas ou de
plantacao e proximo a corregos. Os habitos destas espécies de animais aumentam
sua exposicao a infecgdo por Paracoccidioides spp. e suas distribuicdes geograficas
se sobrepdem as areas endémicas para PCM humana. Os resultados reforcam a
importancia do uso de caes e animais silvestres como sentinelas da PCM em areas
urbanas e rurais.

Palavras-chave: Paracoccidioidomicose. Imunodifusdo. ELISA. Nested PCR.
Marcador epidemioldgico.



ISHIUCHI, Giovana Gomes de Carvalho. Detection of infection by
Paracoccidioides brasiliensis in dogs and wild animals from Northern region of
Parana state. 2017-2022. 63 f. Thesis (Doctor’s Degree in Pathological Sciencies) —
Universidade Estadual de Londrina, Londrina, 2022.

ABSTRACT

Paracoccidioidomycosis (PCM) is a systemic mycosis of medical importance caused
by thermo-dimorphic fungi of the genus Paracoccidioides. PCM is endemic in Latin
American countries and Brazil is the country with the highest number of cases. The
Parana State is a PCM endemic area. P. brasiliensis infection has been described in
domestic and wild animals. The aim of this study was to evaluate the infection by P.
brasiliensis in dogs and wild animals from the Northern region of Parana State,
Brazil. A total of 627 dog serum samples from the northern (n= 186), southern (n=
94), eastern (n= 100), western (n= 172) and central (n= 75) regions of the urban area
of Londrina municipality were analyzed by immunodiffusion (ID) and ELISA using
exoantigen and by Western blot (WB) with recombinant gp43 (gp43r). Tissue
samples of liver (n= 65), lymph nodes (n= 37), lungs (n= 78) and spleen (n= 28)
belonging to 87 road-killed wild animals on highways in cities from Northern Parana
State were analyzed by Nested PCR using panfungal primers ITS 4/5 in the first
reaction and specific primers Pb ITS E/R in the second reaction. Regarding the
seroepidemiological study with dogs, 55.5% were positive in the ELISA with
exoantigen. PCM infection was confirmed by WB with gp43r in 216 (34.4%) animals.
Four dogs (0.64%) were positive in the ID test, suggesting active PCM disease. In
the study with road-killed wild animals, there was amplification of P. brasiliensis DNA
in liver and spleen samples from a black vulture (Coragyps atratus) and a lung
sample from a brown hare (Lepus europaeus). The black vulture was collected in a
rural area of Urai municipality and the hare in an urban area of Londrina
municipality, both in areas with arborization or the presence of crops and close to
water bodies. The habits of these animal species increase their exposure to infection
by Paracoccidioides spp. and their geographic distributions overlap with areas
endemic for human PCM. The results reinforce the importance of dogs and wild
animals as sentinels of PCM in urban and rural areas.

Key words: Paracoccidioidomycosis. Immunodifusion. ELISA. Nested PCR.
Epidemiological marker.
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1 REVISAO DE LITERATURA

1.1 PARACOCCIDIOIDES SPP.

Os agentes etiolégicos da paracoccidioidomicose (PCM) sao fungos
do género Paracoccidioides, pertencentes a Ordem Onygenales e Familia
Ajellomycetaceae, como outras espécies de fungos patogénicos para humanos,
como Histoplasma, Blastomyces e Emmonsia (UNTEREINER et al., 2004). A partir
da andlise de aspectos da viruléncia e da capacidade adaptativa destes fungos, ha
indicios de que possam ter evoluido em associacdo com hospedeiros vertebrados,
apresentando uma fase saprofita no solo ou em fezes de animais e uma fase
parasitaria em tecidos do hospedeiro (BAGAGLI et al., 2006).

Paracoccidioides spp. possui como caracteristica notavel o
dimorfismo térmico, apresentando-se a 25°C na forma micelial, com hifas finas e
septadas e com colénias de aspecto cotonoso, que produzem os conidios (forma
infectante). No hospedeiro, a 37°C, ocorre a conversao para a forma de levedura
(parasitaria/patogénica). Nesta forma, as células se tornam arredondadas ou ovais e
apresentam brotamentos unicos ou multiplos, com colbénias de aspecto cerebriforme
(BRUMMER, CASTANEDA & RESTREPO, 1993).

P. brasiliensis foi a primeira espécie descrita deste género
(BRUMMER, CASTANEDA & RESTREPO, 1993), e mais recentemente foi descrita
a nova espécie, P. lutzi (CARRERO et al.,, 2008, TEIXEIRA et al., 2009,
THEODORO et al.,, 2012). P. brasiliensis classicamente constitui um complexo
formado por quatro espécies cripticas: S1, PS2, PS3 e PS4. A partir de analises de
sequéncias de loci mitocondriais, Turissini e colaboradores (2017) propuseram a
reclassificacdo taxonémica das espécies cripticas PS2, PS3 e PS4 em espécies
proprias: P. americana, P. restrepiensis e P. venezuelensis, respectivamente. A
espécie S1 é subdividida em S1a e S1b, sendo encontradas principalmente no
Brasil, Argentina e Paraguai. A PS2 ocorre predominantemente no Brasil, embora
haja um relato na Venezuela. A espécie PS3 foi descrita inicialmente como restrita a
Colbmbia, no entanto alguns isolados clinicos do Brasil e da Venezuela foram
reclassificados como PS3 em 2016. Enquanto a PS4 tem sido descrita até o

momento somente na Venezuela e a espécie P. lutzii tem sido detectada



11

principalmente no Brasil e Equador (MATUTE et al., 2006; THEODORO et al., 2012;
TEIXEIRA et al., 2009, 2014; MUNOZ et al., 2016; ROBERTO et al., 2016;
TEIXEIRA et al., 2020). Foi observado que algumas destas espécies apresentam
diferencas em relagdo a viruléncia, taxa de crescimento e resisténcia a farmacos
(HAHN et al., 2003; TERCARIOLI et al., 2007; TEIXEIRA et al., 2009).

1.2 PARACOCCIDIOIDOMICOSE

A PCM é uma micose sistémica granulomatosa de importancia
médica que foi descrita pela primeira por Adolpho Lutz em 1908, em Sao Paulo
(LUTZ, 1908). A infeccao provavelmente ocorre por meio da inalagdo de propagulos
dispersos no ambiente e é frequentemente assintomatica (BUSTAMANTE et al.,
1985).

O curso da infecgao e a intensidade dos sintomas dependem tanto da
viruléncia do fungo quanto da resposta imune do hospedeiro. O maior fator de risco
a infeccdo esta associado ao desempenho de atividades profissionais ligadas ao
manejo do solo ou ao contato frequente com areas rurais de zonas endémicas,
especialmente nas primeiras décadas de vida (WANKE & LONDERO, 1994;
SHIKANAI-YASUDA et al., 2017). Tabagismo e alcoolismo também sao fatores
frequentemente associados ao desenvolvimento da doenga. Ha ainda relatos do
desenvolvimento da PCM em pacientes imunossuprimidos (SILVA-VERGARA et al.,
2000; SHIKANAI-YASUDA et al., 2017).

A maioria dos individuos desenvolvem geralmente uma infecgao
pulmonar assintomatica e a deteccdo da infeccdo pode ser realizada pelo teste
intradérmico ou por deteccdo de células fungicas latentes em necropsias
(MONTENEGRO & FRANCO, 1994; SALZER et al., 2018). Estima-se que 10
milhdes de pessoas estejam infectadas por Paracoccidioides spp. na América Latina,
dos quais cerca de 1 a 2% poderao desenvolver a PCM doenga (MC EWEN et al.,
1995).

As formas clinicas da PCM doenga sao classificadas como
aguda/subagudaljuvenil e crbénica/do adulto (FRANCO et al., 1987). A forma aguda
representa cerca de 5 a 25% dos casos de PCM e ocorre predominantemente em

criangas e adolescentes/jovens adultos de ambos os sexos. Esta forma é
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caracterizada por rapida progressdao com frequente disseminagdo, podendo
comprometer 6rgdos como o baco, figado, linfonodos, pele e ossos (SHIKANAI-
YASUDA et al., 2006, 2017).

A forma crénica, que € a mais frequente, representa 74 a 94% dos
casos. Acomete geralmente individuos com idade entre 30 e 60 anos, principalmente
do sexo masculino. A razdo de acometimento homem:mulher da forma crénica é de
22:1. Uma explicagéo para esta diferenca seria a acdo do horménio beta-estradiol,
presente em maior concentracao nas mulheres e que inibe a conversao da forma de
conidio para levedura, além de modular a resposta imune celular (SHANKAR et al.,
2011; MARTINEZ, 2015). A manifestacao clinica mais frequente € o acometimento
pulmonar, que ocorre em 90% dos casos, embora possa haver disseminagao para
outros tecidos como mucosas, linfonodos, figado e bago. Também é comum o
acometimento mucocutaneo com o desenvolvimento de lesbes ulceradas geralmente
na face, em especial na regido nasal e oral (MENDES, 1994; COSTA et al., 2013;
RESTREPO, TOBON & CANO et al., 2015; SHIKANAI-YASUDA et al., 2017).

A PCM ainda pode deixar sequelas nos pacientes, também
chamadas de formas residuais, caracterizadas por alteragées na funcao e estrutura
nos tecidos decorrentes da doenga e tratamento. Sdo mais frequentes em pulmao,
pele e mucosas, além de glandulas adrenais, sistema nervoso central e linfatico
(VALLE et al., 1995; TOBON et al., 2003; SHIKANAI-YASUDA et al., 2017).

1.3 AREAS ENDEMICAS PARA PCM HUMANA

A PCM é endémica na América Latina, apresentando maior
prevaléncia em paises da América do Sul. O Brasil é responsavel por cerca de 80%
dos casos, seguido pela Venezuela, Coldmbia, Equador e Argentina (RESTREPO et
al., 2008; MARTINEZ, 2017). Nos paises da Ameérica Central a endemicidade €&
baixa, e ao sul do México ha uma area endémica entre o Golfo do México e Costa do
Pacifico (LOPEZ-MARTINEZ et al., 2014). Casos esporadicos também foram
reportados fora das areas endémicas, como nos Estados Unidos, diversos paises da
Europa, Marrocos e Japéao. Estes pacientes relataram que viveram ou visitaram a

América Latina algum tempo antes do desenvolvimento da doenga (AJELLO &
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POLONELLI, 1985; BUITRAGO & CUENCA-ESTRELLA, 2012; WAGNER et al.,
2021).

No Brasil, as regides Sudeste (Sdo Paulo, Rio de Janeiro, Minas
Gerais e Espirito Santo), Centro-Oeste (Goias, Mato Grosso do Sul e Mato Grosso)
e Sul (Parana e Rio Grande do Sul) concentram o maior numero de casos
reportados. Ronddnia e Amazonas sao os estados da regido Norte com maior
numero de casos reportados. Com excegdo do Maranhdo, a regido Nordeste
apresenta baixa endemicidade, provavelmente devido ao clima semiarido (Figura 1)
(MATUTE et al., 2006; MATOS et al., 2012; GOES et al., 2014; VIEIRA et al., 2014;
MARTINEZ, 2015; TABORDA et al., 2015; SILVA et al., 2016; SHIKANAI-YASUDA
et al., 2017).

/ K,
Vo ‘;?’_ Rio de Jarmiro
\:\'\ ~ 530 Paulo
P
/ Parerd

P {ons 4

‘\?.\ Rio Grande

do Sul
BRASIL (estados)

e

W Primeiras areas reconheddas com alta endemicidade
M Areas com alta endemicidade a partir das tltimas décadas do século XX
I Areas com evidéndia recente de aumento da endemiddade
I Areas com moderada endemicidade
Areas com baixa endemicidade
[] Nenhum ou raros casos de paracoccidioidomicose relatados nestes paises ou regides

Figura 1 — Areas endémicas para PCM. Fonte: MARTINEZ, 2017 modificado por
SHIKANAI-YASUDA et al., 2017.
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Fatores antropogénicos como a expansdo e modificagcdo nas
fronteiras agricolas e migracdo humana, além de mudangas climaticas e ambientais
estdo levando a alteracbes na epidemiologia da PCM-infeccdo e PCM-doencga
(MARTINEZ, 2017). A ocorréncia de mudancgas climaticas decorrentes do fenbmeno
El Nifio em uma regido do estado de Sao Paulo elevou a umidade do solo e do ar,
aumentando a incidéncia de PCM aguda apo6s dois anos (BARROZO et al., 2009).
No estado do Rio de Janeiro, cerca de um ano apos a constru¢ao de uma rodovia,
que envolveu desmatamento e remogao massiva de terra, a taxa de incidéncia de
PCM aguda registrada na regiao foi 5,7 vezes maior que a dos ultimos 27 anos
(VALLE et al., 2017). Na regiao nordeste da Argentina, durante e apds a construcao
da usina hidroelétrica de Yacyreta, houve periodos de aumento substancial no
numero de casos de PCM-infecgdgo e PCM-doengca em adultos e criangas,
respectivamente (MANGIATERRA et al., 1999; GIUSIANO et al., 2019).

A PCM nao € doenca de notificagdo compulséria na maioria dos
estados brasileiros, razao pela qual as taxas de incidéncia e prevaléncia ndo sao
precisas. Em areas com incidéncia mais estavel, estima-se que haja de 1 a 4 novos
casos/100.000 habitantes/ano  (BELLISSIMO-RODRIGUES, @ MACHADO &
MARTINEZ, 2011). Em areas hiperendémicas essa taxa pode chegar a 9 a 40
casos/100.000 habitantes/ano (VIEIRA et al., 2014; MARTINEZ, 2017). Picos de
incidéncia de PCM podem ocorrer temporariamente em regides que sofrem grandes
mudancas socioambientais (MARTINEZ, 2015).

No Brasil, a PCM é considerada a oitava causa de morte entre as
doencas infecciosas e parasitarias, representando um grande problema de saude
publica (COUTINHO et al., 2002; SHIKANAI-YASUDA et al., 2017). A taxa anual de
mortalidade por PCM entre 1996 e 2006 variou de 0,9 a 1,0 caso/1.000.000
habitantes, no entanto representou 51,2% das mortes relacionadas a micoses
sistémicas (PRADO et al., 2009). Outros estudos epidemiolégicos trazem ainda
percentuais de mortalidade entre 6,1 e 7,6% nos estados de Rondbénia e Mato
Grosso do Sul, respectivamente (PANIAGO et al., 2003; VIEIRA et al., 2014). No
Parana, estado localizado em uma das primeiras areas de alta endemicidade
identificadas no Brasil (MARTINEZ, 2017), a incidéncia de PCM entre 2007 e 2020
foi de 6,4 casos/100.000 habitantes e coeficiente de mortalidade de 1,17 casos por
milhdo (SUGUIURA & ONO, 2021).
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Além disso, a doenga é predominantemente crbénica e resulta em
sequelas nos pacientes, o que pode diminuir significativamente sua qualidade de
vida, além de ser potencialmente incapacitante (MARTINEZ, 2015). Aliado a este
fato, a falta de conscientizacdo da comunidade médica sobre a PCM pode levar a
uma demora ou a um diagndstico e tratamento incorretos, podendo culminar em
obito do paciente (SHIKANAI-YASUDA et al., 2006).

Considerando que Paracoccidioides spp. até o momento tem se
mostrado geograficamente restrito a América Latina e a taxa de mortalidade por
PCM é baixa quando comparada a outras doengas infecciosas, as agéncias publicas
de saude tém negligenciado a doenca. No 2° Consenso Brasileiro em
Paracoccidioidomicose, realizado em 2017, foi recomendada a criagdo de um
sistema de registro nacional de casos e notificagcdo compulséria dos casos de PCM
provavel e provada (SHIKANAI-YASUDA et al., 2017). Griffiths, Colombo & Denning
(2019) ainda afirmam que a doenga cumpre os critérios para ser reconhecida
oficialmente pela Organizagdo Mundial da Saude como uma doenga tropical
negligenciada, podendo trazer maior atencdo a PCM. No Brasil em 2020 a PCM foi
incluida na Lista Nacional de Notificagdo Compulséria de doengas, agravos e
eventos de salude publica no ambito do Sistema Unico de Saude (BRASIL, 2020a).
Ainda neste ano, também foi incluida na Lista de Doengas Relacionadas ao
Trabalho (BRASIL, 2020b).

1.4 ECOLOGIA

O habitat e o nicho ecoldgico de Paracoccidioides spp. ndo estao
completamente definidos. Estudos epidemiolégicos sugerem que o habitat do fungo
seja o solo, onde acredita-se que cresga saprofiticamente, como ocorre com
Histoplasma capsulatum e Coccidioides immitis, patdgenos termodimérficos em que
a associagao com o solo esta bem estabelecida (ZEIDBERG et al., 1952; KIRKLAND
& FIERRER, 1996). No entanto, os relatos de isolamento de Paracoccidioides spp. a
partir desta fonte sdo raros e nado apresentaram reprodutibilidade. Por meio de
técnicas de cultivo direto ou indireto foram obtidos isolados a partir de amostras de
solo no Brasil (SHOME & BATISTA, 1963; SILVA-VERGARA et al., 1998), Argentina
(NEGRONI, 1966) e Venezuela (ALBORNOZ, 1971). Outras tentativas de isolamento
a partir de amostras de solo foram realizadas, mas sem sucesso (MENDELOVICI et
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al., 1974; MONTENEGRO et al., 1996). Técnicas de biologia molecular também tém
sido utilizadas para a detecgado de Paracoccidioides spp. em amostras de solo e
aerossol (THEODORO et al., 2005; ARANTES et al., 2013, 2016).

Diversos fatores podem explicar essa dificuldade na obtencdo de
isolados de amostras de solo. Paracoccidioides spp. possui alta demanda nutricional
e crescimento lento, desenvolvendo-se melhor em solos ricos em matéria organica
(RESTREPO, MCEWEN & CASTANEDA, 2001). Altos teores de aluminio trocavel e
baixas concentragdes de oxigénio prejudicam ou impedem o seu crescimento
(RESTREPO, JIMENEZ & BEDOUT, 1981; RESTREPO, 1985; TERCARIOLI et al.,
2007). Além disso, herbicidas, fungicidas e inseticidas agricolas podem inibir o
crescimento de P. brasiliensis (ONO et al., 2002). Um exemplo seria a substituicdo
de extensas plantagdes de café por cana-de-acucar. No cultivo da cana-de-agucar
sao utilizados pesticidas em larga escala, além de ser realizada a queima do plantio,
que ocasiona um aumento da temperatura do solo, podendo eliminar diversas
espécies de microrganismos no solo, inclusive Paracoccidioides spp. (QUEIROZ-
TELLES, 2008).

Estudos ecoepidemioldgicos sugerem que o desenvolvimento de
Paracoccidioides spp. na natureza esta associado a regides umidas, com
pluviosidade média a alta, temperaturas amenas e sem grandes variagdes, proximo
a rios e lagos, florestas tropicais e subtropicais nativas e areas com vegetagéo
natural perturbada (CALLE, et al., 2001; RESTREPO, MC EWEN & CASTANEDA,
2001; BAGAGLI et al., 2003; SIMOES, MARQUES & BAGAGLI, 2004; RESTREPO,
GOMEZ & TOBON, 2012).

1.5 DETECCAO DA INFECGAO POR METODOS IMUNOLOGICOS

Inicialmente a infecgao por P. brasiliensis era detectada por meio de
reagao intradérmica com paracoccidioidina, um antigeno polissacaridico de P.
brasiliensis (FAVA NETTO, 1961; CONTI-DIAS et al., 1972; COSTA et al., 1995).
Posteriormente outras preparagdes antigénicas passaram a ser utilizadas, como os
antigenos glicoproteicos, ou exoantigenos, que apresentam perfis proteicos
variados, podendo conter glicoproteinas com massa de 15 a >200 kDa (BRUMMER
et al., 1984; MENDES-GIANNINI et al., 1990; FAGUNDES et al., 2002; PETRONI et
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al., 2017). Camargo e colaboradores (1988) padronizaram um exoantigeno muito

utilizado até hoje por conter alta concentragao da glicoproteina de 43 kDa (gp43).

A gp43 é reconhecida pela maioria dos pacientes com PCM por P.
brasiliensis, e por esse motivo € o principal antigeno utilizado no imunodiagnostico
da PCM (PUCCIA et al., 1986; TRAVASSOS et al., 1995; SOUZA et al., 1997; ONO
et al., 2001; CORTE et al., 2007; SBEGHEN et al., 2015). A gp43 é um antigeno
exocelular de P. brasiliensis presente em ambas as formas do fungo, sendo
secretada durante a infecgdo (SILVA et al., 2003; PALMEIRO et al., 2005). No
entanto, a gp43 nao pode ser utilizada para o diagndstico de PCM por P. lutzii, uma
vez que apresenta apenas 81% de similaridade com a Plp43, um ortélogo de P.
lutzii. Além disso, a expresséo de Plp43 é baixa durante a infeccdo (LEITAO et al.,
2014).

A gp43 nativa, purificada diretamente de cultura de P. brasiliensis,
ainda pode apresentar reatividade cruzada com antigenos de outros fungos, como
Histoplasma capsulatum e Lacazia loboi, em testes soroldgicos por possuir residuos
de galactofuranose terminais em sua cadeia oligossacaridica (PUCCIA &
TRAVASSOS, 1991). Também foi evidenciada uma possivel reatividade cruzada
entre gp43 e antigenos de Leishmania sp. (SUZUKI et al., 1997; SILVEIRA et al.,
2006). Uma das formas de evitar a reatividade cruzada seria a producao de gp43
recombinante (gp43r) em Escherichia coli, uma vez que proteinas recombinantes
expressas em bactérias ndo sdo glicosiladas (DINIZ et al., 2002; ASSUNCAO,
2012).

Dentre as metodologias mais utilizadas para diagnostico soroldgico
da PCM encontram-se a imunodifusdo dupla (ID), ensaio imunoenzimatico (ELISA) e
imunoblot (SHIKANAI-YASUDA et al., 2017). Dentre eles, destacam-se a ID e o
ELISA. Por ser de simples execucéao, possuir baixo custo e alta especificidade, a ID
tem sido o método mais utilizado para diagnostico inicial de casos suspeitos de
PCM. O ELISA tem sido muito utilizado tanto no diagnéstico como em estudos

epidemioldgicos da PCM.
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1.6 DETECCAO MOLECULAR

Técnicas de biologia molecular tém sido utilizadas na detecgdo de
Paracoccidioides spp. em amostras de tecidos, solo e aerossol. A reagdo em cadeia
da polimerase (PCR) e suas variagbes, como a Nested PCR, tem sido amplamente
empregadas na detecgdo de DNA fungico em tecidos de hospedeiros e em amostras
ambientais. As regides génicas mais utilizadas s&o as de espacadores transcritos
internos (ITS) em regido de DNA ribossomal, uma vez que sdo mais conservadas e
apresentam varias copias por genoma, favorecendo sua detec¢cdo (THEODORO et
al., 2005; ARANTES et al., 2013, 2016; RICHINI-PEREIRA et al., 2008, 2009a,
2009b, 2010; LOSNAK et al., 2018; KLUYBER et al., 2021; SCRAMIGNON-COSTA
et al., 2021). Primers baseados em outras regides génicas também sao utilizadas,
como ARF e GP43 (BIALEK et al., 2000, MATUTE et al., 2006).

1.7 PCM EM ANIMAIS

A identificacdo de hospedeiros naturais pode contribuir para a
elucidacédo de aspectos ecoepidemioldgicos da PCM, uma vez que o isolamento do
fungo a partir de amostras ambientais é dificil (ONO et al., 2001; SILVEIRA et al.,
2008). A infecgdo por Paracoccidioides spp., principalmente P. brasiliensis, foi
detectada em diversas espécies de animais domésticos e silvestres por diferentes
metodologias, como a reacdo intradérmica, exame histopatolégico, sorologia,

biologia molecular e cultura.

O tatu é considerado um reservatorio do fungo, uma vez a infeccao
por Paracoccidioides spp. tem sido extensivamente demonstrada neste animal,
principalmente na espécie Dasypus novemcinctus (NAIFF et al., 1986; VIDAL et al.,
1995; KUTI et al., 1998; MACEDO, LACERA & TRILLES REIS, 1998; BAGAGLI et
al., 1998, 2003, 2021; CORREDOR et al., 1999; SILVA-VERGARA et al., 2000;
FERNANDES et al., 2004; ARANTES et al., 2013; HRYCYK et al., 2018; KLUYBER
et al., 2021). O tatu esta em contato frequente com o solo devido aos habitos de
escavar tuneis e se abrigar em tocas subterrdneas. Além disso, apresenta
temperatura corpérea ideal para o crescimento do fungo, entre 30 e 35°C, e
imunidade celular relativamente baixa (BOCCA et al., 2013). O isolamento de P.
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brasiliensis foi realizado a partir de amostras de tecido deste animal e a presenga do
fungo foi detectada em amostras de solo coletadas de tocas, reforcando a hipotese
de que é o habitat de Paracoccidioides spp. (BAGAGLI et al., 1998, 2003; SILVA-
VERGARA & MARTINEZ, 1999; SILVA-VERGARA et al., 2000; ARANTES et al.,
2013, 2016; HRYCYK et al., 2018).

Os caes também se infectam com frequéncia em areas endémicas
para PCM e podem desenvolver a PCM doenga. Os habitos de cavar e farejar o solo
provavelmente aumentam o risco de infecgcdo, tornando-o um bom indicador da
presenca de Paracoccidioides spp. no ambiente (MOS & FAVA-NETTO, 1974; ONO
et al., 2001; RICCI et al., 2004; SILVEIRA et al., 2006; CANTEROS et al., 2010;
FONTANA et al.,, 2010; FARIAS et al.,, 2011; CORTE et al., 2012; TELES et al.,
2016; HEADLEY et al., 2017; MENDES et al., 2017; PETRONI et al., 2017). Além de
caes, ha relatos na literatura de PCM-doenga em um macaco de cheiro da Bolivia
(JOHNSON & LANG, 1977), um gato persa do Chile (GONZALES et al., 2010), e em
uma preguica-real da Guiana Francesa (TREJO-CHAVEZ et al., 2011).

A infecgdo por Paracoccidioides foi detectada em diversas espécies
de animais, como gatos (OLIVEIRA et al.,, 2013), coelhos (BELITARDO et al.,
2014a), macacos (COSTA et al., 1995; CORTE et al., 2007), equinos (CONTI-DIAZ
et al., 1972; COSTA & FAVA-NETTO, 1978; CORTE et al., 2009; ALBANO et al.,
2015; MENDES et al., 2017), bovinos (GUTIERREZ et al., 1974; COSTA & FAVA-
NETTO, 1978; SILVEIRA et al., 2008), ovelhas (COSTA & FAVA-NETTO, 1978;
OLIVEIRA et al., 2012), cabras (FERREIRA et al., 2013), suinos (BELITARDO et al.,
2014b), galinhas (OLIVEIRA et al., 2011), pombas (GALVAO, 2011), inclusive em
animais aquaticos como peixes (SUGUIURA et al., 2019) e golfinhos (MINAKAWA et
al., 2016; VILELA et al., 2016). Também foi descrita a deteccao de P. brasiliensis em
morcegos e suas fezes (GROSE & TRAMSITT, 1965; PAZ et al.,, 2018) e em
excretas de pinguim (GEZUELE et al., 1989). Outros estudos relataram ainda
infeccdo em varias espécies de animais silvestres (RICHINI-PEREIRA et al., 2008,
2009b, 2010; ALBANO et al., 2014; SBEGHEN et al., 2015; LOSNAK et al., 2018;
SCRAMIGNON-COSTA et al., 2021).

No Parana, estado com o maior nimero de casos de PCM humana
da regiao sul do Brasil (COUTINHO et al., 2002), a infeccdo por P. brasiliensis foi

observada em varias espécies de animais. Corte e colaboradores (2007, 2009)
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detectaram 30% de positividade em 100 amostras de soro de equinos e 44,5% em
93 amostras de soros de primatas por ELISA utilizando gp43. Oliveira e
colaboradores (2011) analisaram soros de 183 galinhas, sendo 40 de vida livre do
estado do Mato Grosso do Sul e 143 do Parana (100 de vida livre e 43 de gaiola).
Os animas criados em gaiola ndo apresentaram reatividade para gp43, enquanto as
galinhas criadas soltas do Mato Grosso do Sul e do Parana apresentaram
percentuais de positividade de 55% e 16%, respectivamente. Galvao (2011), por sua
vez, avaliou a infeccdo por P. brasiliensis em 113 amostras de soro de pombas
(Zenaida auriculata) e observou uma diferenga significativa na positividade de
pombas capturadas no campus de uma universidade publica (83,7%) e em uma

cooperativa agricola (11,0%).

Oliveira e colaboradores (2012) observaram 37% de positividade
para gp43 em 262 amostras de soro de ovinos. Oliveira e colaboradores (2013)
ainda detectaram infecgao por P. brasiliensis em gatos e observaram positividade de
48,8% em animais da area rural e 2,0% em animais da area urbana. Em um estudo
com caprinos, de 202 amostras de soro analisadas, 26,2% foram positivas
(FERREIRA et al., 2013). De 106 soros de suinos analisados por Belitardo e
colaboradores (2014a), 37,7% das amostras se mostraram positivas. Belitardo e
colaboradores (2014b) também avaliaram a infec¢ao por P. brasiliensis em coelhos
de vida livre e de gaiola. Os animais de vida livre apresentaram uma maior

positividade (41,6%) em relagdo aos animais de gaiola (11,1%).

Suguiura e colaboradores (2019) detectaram a presengca de
anticorpos para gp43 de P. brasiliensis em tilapias-do-Nilo. De um total de 204
tildpias analisadas, 11,7% foram positivas. Adicionalmente, analisaram a presenca
de P. brasiliensis por PCR utilizando primers para a regido ITS em 100 amostras de
figado (n= 33), encéfalo (n=32) e rim (n=35) e uma amostra de cada tecido de
diferentes peixes foi positiva. Também no Parana, Sbeghen e colaboradores
detectaram a infeccao por P. brasiliensis por sorologia e por Nested PCR com
primers para regido ITS em amostras de 38 mamiferos silvestres de pequeno porte,
obtendo 23,7% de positividade no ELISA e na PCR em amostras de coragao e
figado de um roedor da espécie Oligoryzomys nigripes.
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Todos estes trabalhos demonstraram que varias espécies de animais
domésticos e silvestres se infectam por P. brasiliensis e, portanto, podem ser

utilizados como marcadores epidemiolégicos da PCM.
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2 OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar a infecgao por P. brasiliensis em caes e animais silvestres da

regido Norte do Estado do Parana, Brasil.

2.2 OBJETIVOS ESPECIFICOS

Detectar a presenga de anticorpos para P. brasiliensis em caes da
cidade de Londrina, Parana.

Avaliar a distribuicdo espacial da infecgcéo por P. brasiliensis em caes
da cidade de Londrina, Parana.

Detectar P. brasiliensis por Nested PCR em amostras de tecido de
animais silvestres atropelados em estradas da regido Norte do Estado do Parana.

Avaliar a distribuicdo espacial da infeccao por P. brasiliensis em

animais silvestres atropelados em estradas da regido Norte do Estado do Parana.
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3 ARTIGO A

Paracoccidioidomycosis in dogs from an urban area in Northern Parana, Brazil

ABSTRACT

Paracoccidioides  brasiliensis is the main fungal species causing
paracoccidioidomycosis (PCM), a systemic mycosis endemic in Latin American
countries, especially in Brazil. Parana state (Southern Brazil) is a PCM endemic area.
The detection of PCM in different animal species can contribute to elucidate
ecological aspects of the fungus and helps mapping risk areas for PCM. This study
aimed to evaluate the seroprevalence of PCM infection and disease, spatial
distribution, and associated factors in dogs from a city in the northern region of
Parana, Brazil. A total of 627 canine sera samples from the northern (n= 186),
southern (n= 94), eastern (n= 100), western (n= 172) and central (n= 75) regions of
the urban area of Londrina city were analyzed by immunodiffusion (ID) and ELISA
using P. brasiliensis B-339 exoantigen as antigen and Western blot (WB) using
recombinant gp43 as antigen. Four dogs (0.64%) were positive in the ID test,
suggesting active PCM disease. Three of these dogs were females. Infection by fungi
was detected in 348 (55.5%) dogs by ELISA and PCM infection was confirmed by
WB in 216 (34.4%) animals. Variables as sex, age, place of residence, hunting habit,
access to street and access to forest did not have influence in susceptibility to
infection by P. brasiliensis. These results reinforce the importance of dogs as
sentinels of PCM in urban areas.

Key words: Paracoccidioides brasiliensis. Serology. ELISA. Immunodifusion.
Epidemiological marker.

Introduction

Paracoccidioides  brasiliensis is the etiological agent of
paracoccocidoidomycosis (PCM), a human systemic mycosis endemic in Latin
America countries (SHIKANAI-YASUDA et al.,, 2017). Brazil holds most cases
(~80%) and infection probably occur by inhalation of fungal propagules from soil
(BUSTAMANTE et al., 1985). The infection by P. brasiliensis is often asymptomatic,
however PCM disease may manifests as acute or chronic form. The acute form is
more severe, but less frequent, affecting mainly young individuals. Chronic form is

responsible for up to 96% of the PCM disease cases. It affects mainly man ageing
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between 30 to 60 years that lived or were engaged in rural activities throughout life
(SHIKANAI-YASUDA et al., 2017).

The habitat of P. brasiliensis is not yet defined. It is believed to grow
saprophytically in the soil although reports of fungal isolation from this source are
scarce (FRANCO et al., 2000; MARTINEZ, 2017). Eco-epidemiological data
associates P. brasiliensis development areas with medium to high rainfall rates, mild
temperatures, proximity to rivers and lakes, areas with native and disturbed
vegetation (RESTREPO, MCEWEN & CASTANEDA, 2001; BAGAGLI et al., 2003;
MARTINEZ, 2017).

The identification of domestic and wild animals as natural hosts of P.
brasiliensis helps mapping risk areas for PCM. Infection has been reported mainly in
armadillos (NAIFF et al., 1986; VIDAL et al., 1995; BAGAGLI et al.,, 1998;
FERNANDES et al., 2004; ALBANO et al., 2014), but also in monkeys (CORTE et al.,
2007), cattle (SILVEIRA et al., 2008), chickens (OLIVEIRA et al., 2011), sheep
(OLIVEIRA et al., 2012), cats (OLIVEIRA et al., 2013), goats, (FERREIRA et al.,
2013), pigs (BELITARDO et al., 2014a), rabbits (BELITARDO et al., 2014b), small
wild mammals (SBEGHEN et al., 2015) and fish (SUGUIRA et al., 2019) in Brazil.

PCM infection and PCM disease have been reported in dogs.
Infection was detected in dogs from Sdo Paulo (MOS & FAVA-NETTO, 1974),
Parana (ONO et al.,, 2001), Minas Gerais (FONTANA et al.,, 2010), Rondénia
(CORTE et al., 2012) and Rio Grande do Sul (TELES et al., 2016) states in Brazil
and in Argentina (CANTEROS et al., 2010). Occurrence of PCM in dogs with
leishmaniasis were also reported in Mato Grosso do Sul and Sao Paulo states
(SILVEIRA et al., 2006; PETRONI et al., 2017).

Cases of natural PCM disease in dogs were reported only in Brazil
until now. The first case occurred in S&o Paulo state, in an adult female Doberman
presenting cervical lymphadenomegaly (RICCI et al., 2004). In Parana state two
cases were reported by Farias et al (2011) and Headley et al (2017) in a Doberman
and a Labrador, respectively.

Considering the possibility of using dogs as sentinels for the presence
of P. brasiliensis, the aim of this study was to evaluate the seroprevalence of PCM
infection and PCM disease, spatial distribution, and associated factors in dogs from a

city of the northern region of Parana state, Brazil.
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Materials and Methods

Study area

Londrina (23°18'36"S and 51°09'46"W) is located at the northern
region of Parana state, southern Brazil. It is the second largest city of the state, with a
population of 506.701 habitants (IBGE, 2010). Londrina is placed at 603 m above
sea level and has a humid subtropical climate with rainfall occurring all year long,
more intensively in the summer. The average temperature and precipitation are 21°C
and 1723 mm, respectively. The biome is composed by Atlantic Forest. Samples

were collected from the urban region of Londrina (Figure 1).

m Parana state
1 Londrina
B Urban area of Londrina

Figure 1 — Localization of the urban region of Londrina in relation to Brazil.

Ethics

The study was approved by the Animal Use Ethics Committee
(protocol number 181/2014) of the State University of Londrina.
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Blood sampling

Dog blood samples (n=627) were collected from a randomized and
representative number of households of the urban area of Londrina. This area was
divided in five regions: north (n=186), south (n=94), east (n=100), west (n=172) and
central (n=75). Inclusion criteria: dogs aged 6 months or older and the presence of an
18 years or older owner. Exclusion criteria: aggressive dogs, or pregnant dogs. Blood
collection occurred from July 2015 to July 2016 and was performed by a veterinarian
after voluntarily signed consent by the respective owners. A questionnaire containing
closed questions about socio-economic-environmental variables, animal behavior
and management was also applied to the dog owners. Serum samples were stored at

-20°C until use.

Exoantigen and recombinant gp43 (gp43r) obtention

Exoantigen from P. brasiliensis B-339 was produced as previously
described by Camargo et al (1988) and gp43r was produced and purified according
to Assuncao (2012). Protein content of exoantigen and gp43r was quantified by
Nanodrop (Thermo-Fisher Scientific, MA, USA).

Immunodiffusion (ID)

Serum samples were initially submitted to ID test using exoantigen,
according to Camargo et al (1988). Positive control from a dog with PCM was added

to all tests.

Indirect ELISA

A screening was performed by indirect ELISA using P. brasiliensis
exoantigen. This assay was performed according to Oliveira et al (2011), with some
modifications. Polystyrene flat-bottom microtiter plates (Costar Corporation, Corning,
NY, USA) were initially coated with P. brasiliensis exoantigen (1,0 ug well) in
carbonate buffer. Serum samples were diluted at 1:100 in PBS 1% skim milk and

anti-dog IgG-peroxidase conjugate (Sigma-Aldrich, St Louis, MO, USA) was used.
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The substrate-chromogen solution used was H202/tetramethylbenzidine and reaction
was stopped with 4N H2SO4. Absorbance was measured at 450 nm.

The positive (dog with PCM) and negative (pool of serum from dogs
raised in apartment) controls were added to all assays. Samples were tested in

duplicate. Cut off was defined as two-fold the absorbance of negative control.

Western blot (WB)

Serum samples positive in ID or ELISA assays were confirmed by WB
test using gp43r. WB was performed according to Petroni et al (2017). Briefly, gp43r
was submitted to 10% SDS-PAGE and transferred overnight to a nitrocellulose
membrane at 4°C. After blocking with PBS 5% skim milk, membrane was cut into
strips and washed with PBS-T. Serum samples diluted at 1:100 in 1% skim milk were
added to the strips and incubated for 1 hour. After washing, strips were incubated
with anti-dog |gG peroxidase. Reaction was revealed with a substrate solution
(H202/diaminobenzidine) and stopped with distilled water. A serum from a dog with

PCM was added to all tests as positive control.

Statistical analysis

The Excel program was used to tabulate the epidemiological
questionnaire variables and serological results. The Epilnfo 7.2.3.1 program and the
R environment (R Core Team, 2016) were used for the Fisher Exact hypothesis tests

and multiple logistic regression, considering a significance level of 5%.

Spatial distribution

The map of Figure 1 was developed using the software RStudio
version 4.0.2 with packages geobr and ggplot2. The map of the urban area of
Londrina city (Figure 2) was prepared using Google Earth Pro version 7.3. Satellite
images from 2015 were retrieved and positive samples in ID test were identified by
pins indicating their respective locations. The delimitation of the five regions (north,
south, east, west, and central) was possible from the map import (in .kmz format)
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available in the Portal of the City Hall of Londrina
(https://portal.londrina.pr.gov.br/downloads-siglon).

Results

Overall prevalence of positivity in ID test, ELISA and WB are shown in

Table 1. Positive ID test is suggestive of active PCM disease.

Table 1. Positivity and negativity percentages in immunodiffusion (ID), ELISA and
western blot (WB) tests in dogs from the urban area of Londrina. Results are
expressed as absolute value (n) and percentage (%).

ID ELISA WB

Regions  Positive Negative Positive Negative Positive Negative
n (%) n (%) n (%) n (%) n (%) n (%)
3(0.5) 183(29.2) 141 (22.5) 45(7.2) 98(15.6) 40 (6.4)
1(0.2) 93(148) 34(54) 60(9.6) 21(3.3) 12 (1.9)
0(0.0) 100(15.9) 45(7.2) 55(8.8) 27 (4.3) 18 (2.9)
0(0.0) 172(27.4) 109 (17.4) 63 (10.0) 61(9.7) 48(7.7)
0(0.0) 75(12.0) 19(3.0) 56(8.9 9(1.4) 10 (1.6)

Total 4 (0.6) 623 (99.4) 348 (55.5) 279 (44.5) 216(34.4) 128 (20.4)
Regions N= north; S= south; E = east; W= west; C= central.

OO0Orwmz

The relation between dog sex, age, and residence region and
seropositivity in ELISA was evaluated (Table 2). No statistical association was found
between hunting habit, access to street, access to forest and ELISA positivity. Also,

no statistical association was found between all variables and WB positivity.
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Table 2. Final model of multiple logistic regression analysis of statistically significant
variables associated with positivity for anti-P. brasiliensis antibodies by the ELISA in
dogs from Londrina, Parana state, Brazil (P<0.05).

Standard P-value Adjusted OR

Variables Coefficient Error (Wald) (95% Cl)
Sex
Female 1.00
Male 0.1791 0.5430 0.002 1.72 (1.21-2.44)
Age group
Puppy 1.00
Adult 0.7547 0.2500 0.003 2.13 (1.30-3.47)
Elderly 1.0108 0.2641 <0.001 2.75 (1,64-4.61)
Residence region
Central 1.00
East 0.8822 0.3414 0.010 2.42 (1.24-4.72)
North 2.1685 0.3228 <0.001 8.75 (4.65-16.46)
West 1.6009 0.3660 <0.001 4.96 (2.67-9.21)
South 0.4632 0.3502 0.186 1.59 (0.80-3.16)
Intercept -2.0012 0.3491

Cl= Confidence interval; OR= Odds ratio. Puppies: up to 1-year-old; Adult: 1 year and
1 month to 5 years and 11 months old; Elderly: 6-years-old and above.

Only four (0.6%) of 627 serum samples were positive in the ID test.
Three dogs (0.5%) were from the north and one (0.2%) from the south region of the

urban area of Londrina (Figure 2).

[ Urban area of Londrina
[ North area

8 I Central area
[ Westarea
[ Eastarea
[ South area
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Figure 2. Areas of sample collection (satellite image from 2015). White pins
represent the location of dogs positive in the ID test.

Discussion

Results of ELISA showed that male dogs may have more chances of
being infected in relation to females. Also, elderly dogs also presented more chances
of seropositivity comparing to puppies and dogs from north and west regions had
higher chances to be infected. However, no variable had influence on the WB result,
suggesting they may not influence PCM infection.

A study with dogs from the northern region of Parana state was
conducted by our group previously. Serum samples from 305 dogs were analyzed by
ID with P. brasiliensis exoantigen and ELISA with purified gp43 as antigen. Rural
dogs had a higher positivity (89.5%) than suburban (48.8%) and urban dogs (14.8%)
in ELISA assay, but no positivity was observed in ID test. Also, no significant
difference was observed in any of the groups among male and female dogs (ONO et
al., 2001), just as the present study. Urban expansion may be one explanation for the
higher percentages of dogs suggestive of PCM disease (0.6%) and infection (34.4%)
in urban animals observed in the present study. The northern region of Parana has
had a crescent urbanization through the last decades, which involved deforestation
and soil disturbance. In special, the north region of the urban area of Londrina had a
construction of several new neighborhoods. Considering that the probable habitat of
P. brasiliensis is the soil, when disturbed, both humans and animals may acquire the
infection (BRUMMER, CASTANEDA & RESTREPO, 1993).

Other seroepidemiological studies in different Brazilian states have
been reported. In Rondbnia state, northern Brazil, Corte et al (2012) analyzed dog
serum samples from Monte Negro city by ID test with exoantigen and ELISA with
purified gp43. Results showed 54.8% positivity in ELISA test, but there was no
statistical difference regarding dog sex. All samples were negative in the ID test. In
Minas Gerais state, southwest Brazil, Fontana et al (2010) evaluated the presence of
antibodies against P. brasiliensis in dogs from Uberaba city by ELISA with purified
gp43. Rural dogs showed a higher percentage of positivity (80.5%) compared to
urban dogs (53.7%). In Rio Grande do Sul state, south Brazil, Teles et al (2016)
realized a study on stray and semi-domiciled dogs from Pelotas and Capé&o do Leao
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cities. Serum samples were tested by ELISA with purified gp43, showing 29.6% of
positivity. However, there was no significant difference for sex, age, and breed
variables. These studies reinforce that urban dogs are exposed to P. brasiliensis
infection also in urban areas in endemic regions, although variables such as sex and
age may not play a role in susceptibility.

Despite the several studies reporting PCM infection in dogs, there are
only three reports of natural PCM disease in this species (RICCI et al., 2004; FARIAS
et al., 2011; HEADLEY et al., 2017), coincidentally all females. One of these reports
occurred in the Northern Parana region, in a 5-year-old female Labrador (HEADLEY
et al., 2017). In the present study, 3 out of the 4 dogs suggestive of PCM disease
were females. These results suggest that although male dogs have a higher risk of

infection by fungi, female dogs have a higher risk of developing disease.

Conclusion

The high percentage of positivity in WB reinforces that PCM infection
occurs frequently in dogs making this species a sensitive indicator of risk areas for

human infection by Paracoccidioides spp..
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4 ARTIGO B

First report of Paracoccidioides brasiliensis infection in brown hare (Lepus
europaeus) and black vulture (Coragypus atratus)

ABSTRACT

Paracoccidioidomycosis (PCM) is a human systemic mycosis caused by thermally
dimorphic fungi of Paracoccidioides genus, mainly P. brasiliensis species. PCM has
been reported also in several species of domestic and wild animals. Monitoring
diseases in wild animals can contribute to the elucidation of transmission forms of
infectious diseases, their ecological impact and mapping risk areas for humans.
Molecular methods have been successfully employed for detection of several
pathogens in road-killed animals. The aim of this study was to detect P. brasiliensis
infection by PCR in organs of road-killed wild animals retrieved on highways from
cities in the northern region of Parana state, Southern Brazil. Tissue samples (liver,
lymph nodes, lungs, and spleen) from 87 animals belonging to 34 species were
collected and submitted to DNA extraction. Nested PCR was performed with the
panfungal primers ITS 4/5 in the first round and specific primers for P. brasiliensis Pb
ITS E/R in the second round. P. brasiliensis DNA was amplified from liver and spleen
samples of one black vulture (Coragyps atratus) and one lung sample of a brown
hare (Lepus europaeus), reinforcing that infection by this pathogen occurs in several
wild animals’ species. This is the first report of P. brasiliensis detection in black
vulture and brown hare.

Key words: Paracoccidioidomycosis. Nested PCR. Eco-epidemiology. Wild fauna.
Epidemiological marker.

Introduction

Paracoccidioidomycosis (PCM) is a human systemic mycosis of major
health importance in Latin America, caused by thermally dimorphic fungi of
Paracoccidioides genus. P. brasiliensis complex comprises the cryptic species S1,
subdivided in S1a and S1b; PS2 (P. americana); PS3 (P. restrepiensis) and PS4 (P.
venezuelensis). It was observed that one isolate did not align with P. brasiliensis
cluster in phylogenetic analyses, being identified as the new species P. lutzii
(MATUTE et al., 2006; TEIXEIRA et al., 2009; THEODORO et al., 2012; MUNOZ et
al., 2016; TURISSINI et al., 2017).
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The infection probably occurs by inhalation of airborne propagules of
the mycelial phase of the fungus. PCM is highly related to activities involving soil
disturbance and the development of the disease will depend on fungal virulence and
host immune response. PCM disease presents clinically as acute/subacute or chronic
form. Cases of acute PCM are less common (5 a 25%) but more severe. Despite
having a long latency period, chronic PCM represents 74 a 94% of the cases,
affecting mainly male rural workers (SHIKANAI-YASUDA et al., 2017).

The habitat and ecological niche of Paracoccidioides spp. is not yet
defined. Only a few studies were able to successfully isolate the fungus from soil
samples in a cattle farm in Pernambuco state (SHOME & BATISTA, 1963) and in a
coffee plantation in Minas Gerais state (SILVA-VERGARA et al., 1998), in Brazil; in a
rural area in Argentina (NEGRONI, 1966) and Venezuela (ALBORNOZ, 1971).
Epidemiological studies have shown that P. brasiliensis is associated with some
environmental characteristics such as mild temperatures, medium to high rainfall,
proximity to water bodies and areas with native and disturbed vegetation
(RESTREPO, MCEWEN & CASTANEDA, 2001; BAGAGLI et al., 2003; MARTINEZ,
2017).

Anthropogenic factors such as expansion and modifications in
agricultural frontiers and human migration, as well as climate and environmental
changes are altering PCM epidemiology (MARTINEZ, 2017). Urban expansion also
affects wild fauna because construction of highways often involves massive
deforestation, causing ecological disturbances. The increasing of car flow may
interfere with natural migration of wild animal species and raise cases of road-killed
animals (FORMAN & ALEXANDER, 1998).

Monitoring diseases in wild animals can be useful for elucidating
transmission forms of infectious diseases and their ecological impact (FROLICH et
al., 2002). Also, studies with road-killed animals are in line with current discussions
on bioethics, which prioritize alternative methods for the use of animals in research,
without the need of euthanasia (RICHINI-PEREIRA et al., 2010). Wild fauna can be a
great source of information because they are considered excellent indicators of
environmental quality, as they demonstrate, through the agents they harbor, the
imbalances of the environment to which they are exposed (THOMPSON, KUTZ &
SMITH, 2009).
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P. brasiliensis infection was detected in wild animals such as
armadillos (NAIFF et al., 1986; VIDAL et al., 1995; KUTI et al., 1998; MACEDO,
LACERA & TRILLES REIS, 1998; BAGAGLI et al., 1998, 2003, 2021; CORREDOR
et al., 1999; SILVA-VERGARA et al., 2000; FERNANDES et al., 2004; HRYCYK et
al.,, 2018; KLUYBER et al., 2021), monkeys (JOHNSON & LANG, 1977; COSTA et
al., 1995; CORTE et al., 2007), bats (GROSE & TRAMSITT, 1965; PAZ et al., 2018),
small rodents (SBEGHEN et al., 2015). This pathogen has also been detected in
road-killed armadillos, guinea pig, porcupines, raccoons, and anteaters in Sdo Paulo
state (RICHINI-PEREIRA et al., 2008, 2009, 2010), russet and small rodents from
Santa Catarina state (LOSNAK et al., 2018), lowland paca from Rio de Janeiro state,
armadillos and crab-eating foxes from Rio de Janeiro and Minas Gerais states
(SCRAMIGNON-COSTA et al., 2021) in Brazil.

Depending on the conservative state of the carcasses and the size of
animal, molecular detection can be one of the best options when investigating the
presence of a pathogen. Methods such as polymerase chain reaction (PCR) have
high specificity and sensitivity (PERSING et al., 1993).

The present study aimed to detect infection by P. brasiliensis in road-
killed wild animals from the northern region of Parana state, Brazil, a PCM endemic

area.

Materials and Methods

Study area and georeferencing

Animal collection was carried out on highways from municipalities in
the Northern region of Parana state, Brazil. The climate of this region is mainly humid
subtropical, and the biome is composed by Atlantic Forest.

The place of each animal collection was mapped using the global
positioning system (GPS) with the mobile app My GPS Coordinators with an
accuracy of 3 meters. The coordinate reference system used was EPSG:31981 and
spatial analysis of the occurrence was performed with QGIS (Geographic Information

System), version 2.14.1.
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Ethics

The study was approved by the Ethics Committee on Animal Use of
the State University of Londrina (30/2017) and by the System of Authorization and
Information on Biodiversity, number 55384-1, 2016.

Animal collection

Road-killed animals (n= 87) were collected from November 2016 to
October 2018. Only carcasses with fresh condition of conservation (less than 24
hours from death), without evisceration and with absence of fly larvae were collected.
Carcasses were transported in bags for biological material and kept at -4°C until
necropsy, that was performed between 3 to 12 hours after animal collection. The
species were identified, and organs fragments (liver, lungs, spleen, and a pool of
popliteal and/or submandibular and/or prescapular and/or inguinal lymph nodes)
were collected for molecular analysis. Animals collected in this study included
mammals (n=66, 75.9%), birds (n=17, 19.5%) and reptiles (n=4, 4.6%) from 34
different species (Table 1). Samples were previously used in Caldart et al. (2021)

study.

Table 1. Scientific and popular name, number and percentage of animals collected.

Animal N Number of
type Scientific name Popular name animals (%)

Athene cunicularia Burrowing Owl 2(2.3)

Caracara plancus Southern Caracara 1(1.1)

Colaptes melanochloros Green-barred Woodpecker 1(1.1)

Columbia livia Domestic Pigeon 1(1.1)

Columbina minuta Plain-breasted Ground-dove 1(1.1)

Coragyps atratus Black Vulture 2(2.3)

Crypturellus tataupa Tataupa Tinamou 1(1.1)

Birds Guira guira Guira Cuckoo 1(1.1)

Megascops choliba Tropical Screech Owl 1(1.1)

Patagioenas picazuro Picazuro Pigeon 1(1.1)

Pitangus sulphuratus Great Kiskadee 1(1.1)

Rhynchotus rufescens Red-winged Tinamou 1(1.1)

Selenidera maculirostris Spot-billed Toucanet 1(1.1)

Thraupis sayaca Sayaca Tanager 1(1.1)

Vanellus chilensis Southern Lapwing 1(1.1)




Cavia aperea Brazilian Guinea Pig 3(3.4)
Cerdocyon thous Crab-eating Fox 5(5.7)
Coendou spinosus Hairy Dwarf Porcupine 2(2.3)
Dasypus novemcinctus Nine-banded Armadillo 4 (4.6)
Didelphis albiventris White-eared Possum 5(28.7)
Galactis cuja Lesser Grison 1(1.1)
Hidrochoerus hidrocaeris Capybara 2(2.3)
Leopardus guttulus Southern Tiger Cat 4 (4.6)
Mammals Leopardus pardallis Ocelot 1(1.1)
Leopardus wiedii Margay 1(1.1)
Lepus europaeus Brown Hare 1(1.1)
Mazama gouazoubira Gray Brocket Deer 1(1.1)
Nasua nasua South American Coati 5(5.7)
Procyon cancrivorus Crab-eating Raccoon 1(1.1)
Puma concolor Puma 2(2.3)
Sapajus apella Margarita Island Capuchin 4 (4.6)
Tamandua tetradactyla Southern Tamandua 4 (4.6)
Reptiles Salvator merianae South-American Tegu Lizard 3(3.4)
Trachemys scripta Pond Slider 1(1.1)
DNA extraction
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DNA was extracted from 208 samples: liver (n= 65), lymph nodes (n=

37), lungs (n= 78) and spleen (n= 28) using the Pure Link Genomic DNA Mini Kit
(Thermo Fisher Scientific, Waltham, USA) following manufacturer’s instructions.
Extracted DNA was quantified in Nanodrop (Thermo-Fisher Scientific, Waltham, MA,
USA) and concentration adjusted to 30 ng/uL. Samples were stored at -20°C until

use.

Nested PCR

In Nested PCR were used primers targeting internal transcribed
spacers (ITS) regions from ribosomal DNA. In the first round the pan-fungal outer
primers ITS 4 (5-TCC TCC GCT TAT TEA TAT GC-3') and ITS 5 (5-GGA AGT AAA
AGT CGT AAC AAG G-3') were used at the annealing temperature of 60°C,
producing a 634 bp fragment (WHITE et al., 1990). In the second round the set of
internal primers Pb ITS-E (5'-GAG CTT TGA CGT CTG AGA CC-3') and Pb ITS-R
(5-AAG GGT GTC GAT CGA GAG AG-3') was used to detect P. brasiliensis.
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Annealing temperature was 62°C, producing a fragment of 387 bp (THEODORO et
al., 2005).

PCR conditions in thermal cycler were: initial denaturation step for 10
min, followed by 35 cycles of: 94°C for 30 sec, annealing for 30 sec and 72°C for 45
sec; followed by a final extension at 72°C for 10 min. Reaction mix contained 15 uL
of ultrapure water, 2.5 uL of 10X buffer, 1.0 yL of each primer at 10 ng/uL, 0.75 uL of
50 mM magnesium chloride, 2.0 pL of 1.25 yM dNTP mix, 0.25 pL of Taq
polymerase (Invitrogen™ by Life Technologies, Sdo Paulo, Brazil) and 2.5 uL of
template DNA, in a final volume of 25 pL. Ultrapure water was used as negative
control. DNA extracted from P. brasiliensis B-339 was used as a positive control.

Amplicons were submitted to 2% agarose gel electrophoresis and
visualized in the Safe Imager™ Blue-Light Transilluminator after staining by SYBR™
Safe DNA Gel Stain (Thermo Fisher Scientific, CA, USA). The size of the fragments
was estimated based on comparison with a 100 bp ladder (Invitrogen, Carlsbad, CA,
USA).

Results and Discussion

Most animals in this study were retrieved from Londrina municipality
(Figure 1). The most frequently found animal species were white-eared opossum (n=
25), followed by crab-eating fox (n= 5) and South American coati (n=5).

It was not possible to recover all four organs from all animals to
perform DNA extraction for reasons such as animal size, especially spleen and lymph
nodes of small birds and mammals, and conservation state of the carcass. Some
organs could not be collected due to complete rupture or advanced degree of
autolysis, the last occurring manly in carcasses with intestinal rupture or animals run
over on hot and humid days.

Other studies detected P. brasiliensis DNA in road-killed wild fauna by
Nested PCR with primers ITS 4/5 and Pb ITS E/R (RICHINI-PEREIRA et al., 2008,
2009, 2010; LOSNAK et al., 2018; SCRAMIGNON-COSTA et al., 2021). In the
present study, liver and spleen samples of one black vulture (C. atratus, 1.1%) and a
lung sample of a brown hare (L. europaeus, 1.1%) were positive by Nested PCR
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(Figure 1). Infection of these species by P. brasiliensis has not yet been reported in

the literature.

600 bp
400 bp

ke
L
» z -
-
- -
e
—
-

200 bp

Figure 1. Positive samples after PCR with primers Pb ITS E/R in agarose gel
electrophoresis with staining. 1= 100 pb molecular weight marker; 2= Negative
control; 3= Positive control (P. brasiliensis B-339); 4= Brown hare lung; 5= Black
vulture liver; 6= Black vulture spleen. The arrow indicates the region of amplification
of 387 bp.

The black vulture was collected from a rural area of Urai municipality,
near an agricultural site and with some rural worker’s houses. The hare was gathered
from an urban area of Londrina municipality, in a place with some houses, building
constructions sites with soil exposure and next to a valley bottom. Both animals were
adult males recovered in places with disturbed vegetation and near a water course
(Figure 2). The characteristics of these collection sites are in accordance with

epidemiological data on P. brasiliensis occurrence.
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Figure 2. Distribution of road-killed wild animals and collection sites of animals
positive for P. brasiliensis in this study. A = Hare (L. europaeus) in Londrina
municipality and B = Black vulture (C. atratus) in Urai municipality.

Other studies attempted to detect P. brasiliensis DNA in animals from
the Leporidae family, without success (RICHINI-PEREIRA et al., 2010; LOSNAK et
al., 2018). L. europaeus is an exotic, generalist herbivore, nocturnal mammal
species. This species has a high ecological plasticity and is found in both native
vegetation and areas with pastures and agricultural areas common in Southern and
Southeastern Brazil (AURICCHIO & OLMOS, 1999). L. europaeus is attracted to the
edges of highways, increasing its risk of roadkill (ROEDENBECK & VOSER, 2008).
The hare positive in Nested-PCR was found on the street of an urban area of
Londrina municipality next to building construction sites, in a wooded area with some
native vegetation and near a lake. This environmental characteristic is in accordance
with P. brasiliensis epidemiological studies (RESTREPO, MCEWEN & CASTANEDA,
2001; BAGAGLI et al., 2003; MARTINEZ, 2017). Our group previously carried out a
seroepidemiological study of paracoccidioidomycosis in caged and free-range rabbits
(Oryctolagus cuniculus), a species close to L. europaeus. The overall positivity

observed by ELISA was 27.0% and free-range animals showed a significantly higher
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positivity (34.6 — 51.7%) than the caged ones (11.1%), reinforcing that the frequent
contact with soil increases the risk of infection (BELITARDO et al., 2014).

The other animal species positive for P. brasiliensis in the present
study, C. atratus, is a bird commonly named as black vulture or black-headed vulture,
found in North and South America in several types of habitats and is well adapted to
the fragmentation of the landscape caused by human activity (KIRK & MOSSMAN,
1998). Due to the important sanitizing role that they play in the ecosystem, feeding
mainly on animal carcasses in different states of decomposition, vultures may be
exposed to different types of infectious agents (FERGUSON-LEES & CHRISTIE,
2001; SICK, 1997).

Although birds have a higher body temperature than mammals
(PRINZINGER, PREBMAR & SCHLEUCHER, 1991) the infection of pigeons and
chickens by P. brasiliensis have been reported. Galvao (2011) analyzed serum
samples of 113 pigeons (Zenaida auriculata) from Londrina municipality, Parana
state, with ELISA using P. brasiliensis specific antigen, gp43. Pigeons from the
campus of a public university presented a higher positivity (83.7%) than animals from
an agricultural cooperative (11.0%). Using similar methodology, Oliveira et al (2011)
detected 16% of positivity in free-ranged chickens (Gallus domesticus) from Parana
state.

The characteristics and habits of these animals increase their
exposure to contaminated soil and their habitat are in accordance with areas were P.
brasiliensis may occur. Despite not presenting a zoonotic behavior, PCM fits in the
One Health concept and concern, because this disease affects both humans and
animals and the incidence is changing due to human and environmental factors. This
connection between people, animals, and the environment is the major pilar of the
One Health (WHO, 2017).

Conclusion

This is the first report of P. brasiliensis DNA detection in black vulture
(C. atratus) and brown hare (L. europaeus). Detection of P. brasiliensis in road-killed
wild animals have a great potential for use in eco-epidemiological surveillance of
PCM, thus helping map risk areas for humans as well as understanding eco-

epidemiological aspects of the disease.
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5 CONCLUSAO

Neste trabalho foram detectados caes positivos para PCM infecgao e
sugestivos de PCM doenca ativa em area urbana da cidade de Londrina (PR),
demonstrando a presencga de P. brasiliensis nesta regiao.

A infeccdo por P. brasiliensis também foi detectada em amostras de
de figado e bago de um urubu (C. atratus) e de pulmao de uma lebre (L. europaeus).
Este é o primeiro estudo a detectar P. brasiliensis nestas espécies de animais.

A deteccdo de P. brasiliensis em animais domésticos e silvestres
pode auxiliar na elucidagdo de aspectos eco-epidemioldgicos da PCM, bem como

mapear areas de risco para humanos.
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