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PETRONI, Tatiane Ferreira. Deteccdo da co-infeccdo por Paracoccidioides
brasiliensis e Leishmania spp em cées. 2016. 74f. Tese de Doutorado- Programa
de P6s Graduacédo em Patologia Experimental — Universidade Estadual de Londrina,
Londrina, 2016.

RESUMO

Paracoccidioidomicose (PCM) é uma micose sistémica prevalente na América
Latina, causada pelos fungos termodimorficos P. brasiliensis e P. lutzii. O habitat
desses fungos ainda nao esta definido e o uso de animais sentinelas poderia
contribuir para o esclarecimento do mesmo. Considerando que a PCM e a
leishmaniose visceral sdo endémicas na regido de estudo, este trabalho teve como
objetivo avaliar a ocorréncia de infeccado por P. brasiliensis em cées incluidos no
Inquérito Epidemiolégico para Leishmaniose Visceral Canina (LVC) na regido de
Aracatuba-SP. Do total de 300 amostras de soro analisadas (66% positivas e 33%
negativas para LVC), 22 (7,3%) foram positivas em ensaio de imunodifusao (1.D.)
para P. brasiliensis, das quais todas eram positivas para LVC (teste rapido e ELISA).
Ao analisar as amostras positivas na 1.D. (exoantigeno) por Western blotting (gp43
recombinante), 19 (84%) das amostras apresentaram positividade. Foi observado
uma correlacédo positiva (r=0.96) entre as positividades para LVC e PCM. Estes
dados sugerem uma maior suscetibilidade de caes com LVC ao desenvolvimento da
PCM. A fim de confirmar a hipétese de co-infecgcdo, um segundo trabalho foi
realizado, e de 128 novas amostras de soro canino analisadas, 7 (5,4%) foram
positivas na I.D. para PCM, sendo 6 (85%) positivos para ambas infec¢des (PCM e
LVC). Amostras de tecidos, linfonodos e lesdes de pele, de um dos cées
soropositivos para ambas infec¢cdes foram cultivados em agar Saboraud com
cloranfenicol e analisados por PCR. Uma col6nia com caracteristicas macroscopicas
de P. brasiliensis foi recuperada a partir da cultura da leséo de pele deste céo, e a
analise microscopica apresentou leveduras similares a P. brasiliensis. O novo
isolado de P. brasiliensis foi confirmado por PCR (genes alfa-tubulina, PbITSE/R e
p27) e a co-infeccao através da PCR para deteccdo de minicirculos de k-DNA de
Leishmania spp. Estes dados confirmam a ocorréncia de co-infecgdo por P.
brasiliensis em cdo com LVC.

Palavras-chave: Caes. Identificacdo molecular. Imunodiagnoéstico. Leishmaniose
visceral. Paracoccidioidomicose.



PETRONI, Tatiane Ferreira. Detection of co-infection by Paracoccidioides
brasiliensis and Leishmania spp in dogs. 2016. 74p. Tese de Doutorado-
Programa de Pos Graduacédo em Patologia Experimental — Universidade Estadual de
Londrina, Londrina, 2016.

ABSTRACT

Paracoccidioidomycosis (PCM) is a systemic mycosis prevalent in Latin America,
caused by the thermodimorphic fungi P. brasiliensis and P. lutzii. The habitat of these
fungi is still undefined and the use of sentinels animals could contribute to the
understanding of this. Considering that PCM and visceral leishmaniasis are endemic

in the region of study, this work had the aim of evaluating the occurrence of P.
brasiliensis infection in dogs from an Epidemiological Survey for canine visceral
leishmaniasis (CVL) in the region of Aracatuba-SP. Of 300 sera samples analyzed
(66% positive and 33% negative for CVL), 22 (7,3%) were positive in
immunodiffusion assay (I.D.) for P. brasiliensis, of which, all were positive for CVL
(rapid test and ELISA). When testing positive samples in I.D. (exoantigen) by
Western blotting (recombinant gp43), 19 (84%) samples showed positivity. It was
observed a positive correlation between the positivity (r= 0.96) for CVL and PCM.
These data suggest an increased susceptibility of dogs with CVL to the development
of PCM. In order to confirm the possibility of co-infection, a second study was
performed, and of 128 new canine serum samples analyzed, 7 (5.4%) were positive
in the I.D. for PCM, being 6 (85%) positive for both infections (PCM and LVC). Tissue
samples, lymph nodes and skin lesions, of one of the positive dogs for both infections
were cultured in Saboraud agar with chloranfenicol and analyzed by PCR. A colony
with macroscopic characteristics of P. brasiliensis was recovered from culture of skin
lesions from this dog and the microscopic analysis showed yeast cells similar to P.
brasiliensis. The new isolated of P. brasiliensis was confirmed by PCR (alpha-tubulin,
PbITSE/R and p27 genes) and the co-infection confirmed by PCR for detection of k-
DNA minicircles of Leishmania spp. These data confirm the occurrence of co-
infection by P. brasiliensis in dog with CVL.

Key words: Dogs. Molecular identification. Immunodiagnosis. Visceral
leishmaniasis. Paracoccidioidomycosis
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1 INTRODUCAO

1.1 PARACOCCIDIOIDOMICOSE

A Paracoccidioidomicose (PCM) foi descoberta em 1908 por Adolpho
Lutz, que descreveu os primeiros casos da doenca em dois pacientes com
lesbes nasofaringeas internados na Santa Casa de Misericordia de S&o Paulo
(LUTZ, 1908). A doenca foi denominada Blastomicose Sul-Americana, moléstia
de Lutz-Splendore-Almeida, entre outras (LACAZ, 1994).

Fungos do género Paracoccidioides sdo agentes etioldégicos da PCM, e
apresentam dimorfismo termo-dependente; ou seja, sua morfologia varia
conforme a temperatura de crescimento. A 25°C crescem na forma de micélio
(forma M), com hifas finas e septadas e clamidoconidios terminais ou
intercalados, enquanto que a 37°C, nos tecidos infectados e nas secre¢des do
hospedeiro sdo encontradas na forma de leveduras arredondadas (forma L).
Podem apresentar brotamentos Unicos ou multiplos, que sédo os blastoconidios
dispostos em torno da levedura-mae, a qual se unem por estreitas pontes
celulares. No meio de cultura, a fase micelial apresenta-se como coldnia
cotonosa, branca, elevada e de crescimento lento; enquanto as leveduras
formam colbnias de cor creme e aspecto cerebriforme (RESTREPO, 1985;

FRANCO, 1994).

Taxonomicamente o fungo encontra-se no Reino Fungi, Filo Ascomycota,
Classe Pleomycetes, Ordem Onigenales, Familia Onygenaceae, Género

Paracoccidioides e Espécie brasiliensis (BIALEK et al, 2000; SAN-BLAS et al,
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2002), e mais recentemente, incluida a espécie lutzii (CARRERO et al., 2008;

TEIXEIRA et al., 2009; DESJARDINS et al., 2011, TEIXEIRA et al., 2014).

Até o ano de 2006 acreditava-se que o género Paracoccidioides incluia
apenas uma espécie, Paracoccidioides brasiliensis, como agente etiolégico da
PCM (MATUTE et al., 2006). Foi somente através da andlise por Multi Locus
Sequencing Typing (MLST) que a variabilidade genética, anteriormente
conhecida como polimorfismo intraespecifico e geogréafico, revelou a existéncia
de quatro espécies cripticas: S1, PS2 e PS3, a partir do complexo P.
brasiliensis (MATUTE et al., 2006), e P. lutzii (originalmente chamado Pb01-
like) (TEIXEIRA et al., 2009).

De acordo com Theodoro et al. (2012), a espécie S1 (inclui os isolados
Pb18 e B339), € a espécie mais amplamente distribuida, ocorrendo no Brasil,
Argentina, Paraguai, Uruguai, Peru e Venezuela; PS2 ocorre na Venezuela e
Brasil, em simpatria com S1, enquanto PS3 é restrito a Colédmbia. P. lutzii, a
espécie mais recentemente descoberta, é mais divergente e ocorre
predominantemente, embora ndo exclusivamente, na regido centro-oeste do

Brasil (TEIXEIRA et al., 2009). (Figura 1)
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Figura 1. Distribuicdo geografica do género Paracoccidioides e L. loboi.
Atual distribuicdo das espécies de Paracoccidioides S1, PS2, PS3 e P. lutzii, e
sua espécie-irma Lacazia loboi na América do Sul. Fonte: Modificado de
RICHINI-PEREIRA et al., 2009 In: Theodoro et. al., 2012

A maioria dos casos de PCM séo reportados no Brasil, na Colémbia, na
Venezuela e na Argentina (BLOTTA, 1999; RAMOS-E-SILVA, 2008) sendo
considerada a mais importante micose sistémica endémica na América do Sul.
Casos importados foram observados em paises fora da América Latina, todos
representados por individuos infectados que haviam morado anteriormente em
areas endémicas (VAN DAMME et al, 2006; MAYAYO et al, 2007; BOUSQUET

et al, 2007; WALKER et al, 2008).
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Embora a real prevaléncia da PCM néo possa ser calculada, devido ao
fato de ndo ser doenca de notificacdo compulsoria, estima-se que a taxa anual
de incidéncia na populacdo brasileira seja de 1-3 por 100.000 habitantes e a
taxa de mortalidade, de 0,14 por 100.000 habitantes (COUTINHO et al, 2002).
Ha uma estimativa de que cerca de 10 milhdes de pessoas podem estar
infectadas com P. brasiliensis e que 2% destas podem vir a desenvolver a

doenca (McCEWEN, 1995).

No Brasil a PCM € encontrada em todas as regides do territério nacional:
Sul, Sudeste, Centro-Oeste e Norte, sendo que casos esporadicos da doenca
tém sido relatados no Nordeste. No Estado de Séo Paulo a PCM tem sido
relatada principalmente na regido central (MARQUES et al, 1983). Dados
obtidos por reacdo intradérmica com paracoccidioidina sugerem que a
prevaléncia de infeccao por P. brasiliensis em areas endémicas é de 50 a 75%
da populacdo adulta (FAVA-NETTO, 1998). No Brasil, no periodo de 1980 a
1995, foram registrados 3.181 casos de O6bitos por PCM, resultando em uma
taxa média anual de 1,45/milhdes de habitantes, havendo registro de Obitos
pela doenca em um quarto dos municipios brasileiros (COUTINHO et al.,

2002).

Acredita-se que o fator de risco para aquisicdo da infeccdo séo as
profissdes ou atividades relacionadas ao manejo do solo contaminado com o
fungo, como por exemplo, atividades agricolas, terraplenagem, preparo de
solo, praticas de jardinagens, transporte de produtos vegetais, entre outros. Em
todas as casuisticas, foi observado que a grande maioria dos pacientes

exerceu atividade agricola nas duas primeiras décadas de vida, tendo adquirido
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a infeccdo provavelmente nesta época, embora as manifestacdes clinicas
tenham surgido muitos anos depois. A maioria destes pacientes, quando
procuram atencdo médica, ja ndo reside mais em area endémica, tendo
migrado para centros urbanos onde exercem outras atividades, ndo ligadas ao

trato do solo (SHIKANAI-YASSUDA et al., 2006).

O cenario epidemiolégico pode estar mudando devido as novas praticas
agricolas. O aumento significativo das plantagfes de cana-de-agucar na regiao
sudeste do Brasil pode resultar em uma reducéo na incidéncia da PCM. O
cultivo da cana-de-acUcar esta normalmente associado a uma grande utilizacédo
de pesticidas e a queima do plantio. A queima pode elevar significativamente a
temperatura do solo e muitos fungicidas agricolas sao derivados azélicos. A
combinacdo destas praticas agricolas pode afetar varios microrganismos do

solo, incluindo P. brasiliensis (QUEIROZ-TELLES, 2008).

A infeccdo provavelmente é adquirida pelos seres humanos através da
inalacdo de propagulos do fungo que, no parénquima pulmonar, transformam-
se em leveduras que podem permanecer confinadas localmente, causando
uma infeccdo crénica, ou disseminar para outros 6rgaos. Os pulmdes, figado,
linfonodos, baco, rim, adrenais, mucosas e pele sdo 0s 0rgdos mais
frequentemente afetados (FRANCO e MONTENEGRO, 1982).

Diversas classificacdes das formas clinicas da PCM foram publicadas
desde a descricdo da doenca. Todas elas baseavam-se em diferentes critérios
tais como topografia das lesdes, gravidade da doenca, resultados de reacdes
sorologicas e histéria natural, entre outros. De acordo com o International

Colloquium on Paracoccidioidomycosis realizado em fevereiro de 1986 em
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Medellin, Colébmbia, que correlaciona dados clinicos a histéria natural da
doenca, adaptado por Shikanai-Yasuda e colaboradores em 2006, a
classificagcdo das formas clinicas da PCM sé&o: a) PCM infeccdo; b) PCM
doenca; b.1) PCM aguda ou tipo juvenil; b.2) PCM crbnica ou tipo adulto,
podendo ser unifocal ou multifocal; e c) PCM residual ou sequelar.

A PCM-infeccédo ocorre em individuos de ambos 0s sexos, aparentemente
sadios, que residem ou residiram em zona endémica e que apresentam reacao
intradérmica positiva para antigeno de P. brasiliensis, porém ndo ha

desenvolvimento da doenca (FRANCO, 1986).

A PCM-doenca afeta principalmente trabalhadores rurais do sexo
masculino, com idade média de 40 anos. A doenca progride lentamente e o
periodo de incubacdo pode durar meses ou anos. A forma aguda ou juvenil é
caracterizada por um periodo curto de incubacao (semanas a meses) e por
envolvimento do sistema reticuloendotelial (LONDERO e MELO, 1983). A PCM
tem sido observada em pacientes de todas as faixas etarias a partir dos trés
anos de vida e com acentuada predominancia entre 30 e 50 anos de idade. Até
a puberdade, a incidéncia da doenca €é idéntica para ambos os sexos (WANKE
E LONDERO, 1994). Contudo, na idade adulta, mais de 80% dos pacientes sao
do sexo masculino. Este fato é explicado pela protecdo conferida pelos
estrogenos, que inibem a transformacdo de micélio e conidios em leveduras

(SALAZAR et al., 1988).

A PCM crbnica do adulto é a forma de apresentagcdo mais frequente,
ocorre predominantemente no sexo masculino e caracteriza-se por uma

evolucdo de varios meses onde predominam a adinamia, emagrecimento,
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lesbes tegumentares e as vezes linfoadenopatia. A presenca de febre é
irregular e em geral pouco intensa. Seu surgimento pode ser decorrente de co-
infec¢des bacterianas como Mycobacterium tuberculosis. O pulméo é o 6rgéao
mais frequentemente acometido, cerca de 80 a 90% dos casos (SHIKANAI-
YASUDA, 2006); sua manifestacdo clinica é insidiosa, compreendendo tosse
seca, posteriormente produtiva, e dispneia aos esforcos. Em muitos casos, €
paradoxal a pobreza do quadro clinico respiratério quando comparado a
exuberancia das les6es pulmonares documentadas por imagens radiolégicas
de térax. Por outro lado, em alguns pacientes a teleradiografia de térax pode
nao detectar leses pequenas ou de pouca densidade, enquanto que com a
tomografia toracica de alta resolucdo, uma variedade de imagens tém sido

reveladas (LOPES TOLEDO et al, 2011)

As lesbes da mucosa oral, faringe e laringe sdo muito comuns e com
frequéncia sdo as maiores causas de consulta ao dentista. Resultam de
disseminacdo hematogénica do fungo a partir de um foco primario pulmonar e
geralmente correlacionam-se com maior gravidade do processo infeccioso.
Apresentam aspecto polimérfico e frequentemente séo distribuidas em face e
em torno de orificios naturais do corpo, como boca, nariz e anus. Na boca,
nota-se a presenca de ulceracdes de aspecto moriforme, geralmente
acompanhada de sialorreia, sangramento, abaulamento dentario e dor. Lesdes
de palato mole e faringe causam odinofagia que levam a emagrecimento e a
piora do estado geral do paciente. O acometimento da laringe e cordas vocais
ocasiona diversos graus de disfonia, ou mesmo afonia (QUEIROZ-TELLES,

2009).



19

Os linfonodos, glandulas supra-renais, intestinos e SNC também sao
frequentemente envolvidos na infeccdo sistémica. O sistema Osteo-articular,
figado, baco, préstata e 6rgaos genitais, tireoide, globo ocular, aorta, pericardio
entre outros sdo acometidos com menor frequéncia. As sequelas mais
limitantes desta micose incluem quadros de insuficiéncia pulmonar cronica,
doenca de Addison e linfangiectasia com ma-absorcdo intestinal. O
polimorfismo da apresentacdo clinica da PCM permite que esta doenca seja
incluida no diagnéstico diferencial de varias condi¢bes clinicas, de causa
infecciosa ou ndo. As manifestacfes cutaneas da PCM podem ser confundidas
com formas linfocutaneas e verruciformes da esporotricose; com lesdes de
cromoblastomicose, lobomicose (Doenca de Jorge Lobo), hanseniase,
treponematoses ou com neoplasias de pele. Na forma juvenil, os principais
diagnésticos diferenciais sdo Doenca linfoproliferativa, histoplasmose, calazar,

tuberculose e outras micobacterioses (QUEIROZ-TELLES, 2009).

Entre as doencas respiratorias, a diferenciacdo deve ser feita com a
tuberculose, histoplasmose, coccidioidomicose e sarcoidose. Enquanto que as
lesbes mucosas devem ser diferenciadas das lesbes mucosas da
histoplasmose, de lesdes neoplasicas, e da leishmaniose tegumentar

(QUEIROZ-TELLES, 2009).

O diagndstico rapido e preciso desta micose é importante para possibilitar
o inicio de terapia especifica e para evitar tanto o0 aumento do dano ao pulméo
quanto a disseminacao do fungo para outros orgaos e o desenvolvimento de
fibrose. Varios métodos tém sido utilizados para o diagnostico da PCM; entre

eles os microbioldgicos, imunologicos, histopatolégicos e moleculares.
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O exame microscopico direto em amostra clinica caracteriza-se pela
presenca do agente etiolégico, Paracoccidioides spp, a partir de exame a
fresco, bidpsia ou pelo isolamento e identificacdo do fungo por meio do cultivo
de material clinico. As células apresentam aspecto leveduriforme esférico
birrefrigente, com 10 a 30 um de didmetro, de parede grossa e com multiplos
brotamentos, unidos por hastes estreitas as células-mde. Na amostra clinica,
podem também ser encontradas as formas de micélio que sé&o formadas por
hifas finas e septadas, clamidosporos terminais ou intercalados
(NASCIMENTO, 2005). Entretanto, muito embora o diagnostico microbiolégico
possa ser considerado o padrdo ouro para confirmacdo da hipétese
diagnéstica, devido as dificuldades na obtencdo de materiais clinicos, os
métodos imunoldgicos baseados na deteccdo de anticorpos especificos tem
sido utilizados, e incluem os ensaios de fixacdo do complemento, imunodifusédo

e ELISA (CORREA, 2006).

Os ensaios sorologicos tém sido amplamente utilizados no diagndstico e
no seguimento do paciente (TELES & MARTINS, 2011). A quantificacdo de
anticorpos fornece dados para a avaliacdo da terapia antifingica e para o
prognostico dos casos.

As técnicas sorolégicas sofreram avancos consideraveis nas Ultimas
décadas, como resultado do desenvolvimento de esquemas de deteccdo
inovadores, identificacdo de antigenos relevantes de P. brasiliensis (SILVA et
al, 2004) e ampliacdo do uso da tecnologia do anticorpo monoclonal para
aplicacdo em imunoensaios (GOMEZ et al, 1997).

Um incoveniente comum na sorologia da PCM é a potencial reatividade

cruzada de anticorpos anti- P. brasiliensis com antigenos de outros fungos,
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principalmente Histoplasma capsulatum (BIALEK et al, 2000), devido a
frequente utilizacdo de preparados brutos de microrganismos inteiros, contendo
antigenos indefinidos com elevada variabilidade.

O primeiro antigeno utilizado no imunodiagnostico da PCM foi o
polissacarideo extraido de P. brasiliensis, padronizado por Fava Netto (1961).
Diferentes preparacfes de antigenos variam grandemente na qualidade, e
dependem da linhagem do fungo, da fase morfolégica, meio de cultura, tempo
de inoculacado e técnica desenvolvida (RESTREPO, 1985). Posteriormente, foi
introduzido o exoantigeno, que contém antigenos glicoproteicos reconhecidos
pelos soros de pacientes com PCM (BRUMMER et al., 1984; PUCCIA et al.,

1986; CAMARGO et al., 1988; MENDES-GIANNINI et al., 1990).

A glicoproteina de 43 kDa (gp43) € um componente da superficie celular,
liberada pelo fungo em sua fase exponencial de crescimento, com atividade de
proteinase em meio Aacido. Pode ser processada e secretada através do
reticulo endoplasmatico, e tem sido amplamente utilizada no imunodiagnéstico

da PCM (PUCCIA et al., 1986; TRAVASSOS et al., 1995).

Embora grandes avancos tenham sido obtidos em varios aspectos da
PCM, a eco-epidemiologia do P. brasiliensis ainda ndo esta bem esclarecida.
Acredita-se que o habitat do P. brasiliensis seja o solo, entretanto, desde o
primeiro relato de PCM por Lutz (1908), h&d poucos isolados a partir dessa
fonte. Foram obtidos isolados de amostra de solo da Argentina (NEGRONI,
1966), Venezuela (ALBORNOZ, 1971), e Brasil (SHOME & BATISTA, 1963 e
SILVA-VERGARA, 1998), porém novas tentativas de isolamento n&do foram

bem-sucedidas.
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A dificuldade de isolamento do P. brasiliensis a partir do solo levou varios
pesquisadores a procura de novos mecanismos para auxiliar na busca do
habitat desse fungo. Uma das abordagens possiveis seria a utilizacdo de

animais sentinela.

Os animais domeésticos e silvestres podem ser utilizados como
marcadores epidemiologicos da PCM e contribuir para a elucidacdo do habitat
de Paracoccidioides spp. A infeccédo pelo P. brasiliensis tem sido demonstrado
em animais selvagens e domésticos, como cdes (ONO et al, 2001; RICCI, et al
2004; FARIAS et al, 2011), cavalos (CONTI-DIAZ et al, 1972, CORTE et al,
2007), bovinos (GUTIERREZ et al, 1974; SILVEIRA et al, 2008), ovinos e
caprinos (COSTA et al. 1978; OLIVEIRA et al, 2011), galinhas (OLIVEIRA et
al, 2011), coelhos (BELITARDO et al.,, 2014a), suinos (BELITARDO et al.,
2014b), macacos, (JOHNSON, et al 1977; COSTA et al, 1995; CORTE et al,
2007), tatus (NAIFF, 1986; BAGAGLI, 1998; SILVA - VERGARA, 2000),

morcegos (GROSE, 1965) e roedores silvestres (SBEGHEN et al., 2015).

A alta reatividade, em estudos soroepidemiol6gicos, de cdes a antigenos
de P. brasiliensis (MOS & FAVA NETTO, 1974; ONO et al., 2001 e SILVEIRA
et al., 2006) reforca a hipétese de que o solo é o habitat do fungo, uma vez que
o cdo, pelo habito de cavar e farejar o solo, estaria mais susceptivel a inalagéo
de propéagulos fangicos, o que faria dos caes bons indicadores da presenca do
fungo no ambiente. Conti Diaz (2007), entretanto, afirma que P. brasiliensis
ocorreria normalmente na natureza em ambientes de agua doce, tais como
rios, corregos, com vegetacao nativa, protegida por uma ou mais espécies de

animais aquaticos heterotérmicos, tais como anfibios, moluscos, peixes e
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artropodes, integrando com alta eficiéncia uma biota especifica (RUFFIE,
1982). Tais animais proveriam o parasita com nutrientes, umidade, competicao
bioldgica limitada, justificando assim a dificuldade de obté-lo a partir do solo. O
autor afirma também que animais domésticos como bovinos, cavalos e
ovelhas, bem como tatus seriam infectados durante suas atividades de
forrageamento em locais proximos a matas ciliares através da inalacdo de

propagulos.

1.2 LEISHMANIOSE

Parasitas do género Leishmania, protozoarios tripanossomatideos, séo
transmitidos pela picada de mosquito fleb6tomo e podem manifestar
clinicamente trés formas da doenca: cutdanea, mucocutanea e visceral,
dependendo da espécie do parasita (HARHAY et al., 2011). A leishmaniose
visceral (LV) é causada pela Leishmania (L.) infantum chagasi e é uma
zoonose, sendo o cdo o principal reservatério doméstico, com casos humanos

ocorrendo ocasionalmente (HARHAY et al., 2011; KASZAK et al., 2015).

A leishmaniose visceral € endémica em 62 paises, com um total de 200
milhdes de pessoas com o risco de adquirir a doenca, e mais de 90% dos
casos concentrados em seis paises: Bangladesh, Brasil, india, Nepal, Sud&o e
Etidpia (BERN et al. 2000; WHO, 2010).

No Brasil foram registrados no periodo de 2003 a 2009, mais de 34 mil
casos de leishmaniose visceral. Em 2009 a maioria dos casos foi registrada na
regido Nordeste (47,5%), seguido pela Norte (19,2%), Sudeste (17,4%), Centro
Oeste (7,4%) e Sul (0,2%). Dados recentes mostram que a maioria dos

infectados é do sexo masculino (63,9%) e criancas menores de 10 anos,
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apresentando indice de 48,9% (BRASIL, 2011a). Até a década de 80, a maioria
dos casos concentrava-se em areas rurais dos municipios. Esse perfil mudou e
varios casos sdo notificados nas areas urbanas (CAMARGO-NEVES, 2004,
CVE, 2011).

Novos casos sao registrados em areas consideradas livre da doenca e
com destaque para regides urbanas. Ja foram registrados casos autoctones em
grandes centros urbanos como S&o Luis, Teresina, Fortaleza, Natal, Belo
Horizonte, Palmas, Campo Grande, Aracatuba e Corumba (LINDOSO &
GOTO, 2007; BRASIL, 2006).

No Estado de Séo Paulo, a doenca era conhecida apenas por meio de
casos importados de outros estados brasileiros. No entanto, em 1998 foram
detectados caes portadores de LVA, no municipio de Aracatuba localizado na
regido oeste do Estado de Sdo Paulo. Este episédio desencadeou uma
investigacdo epidemiologica que levou a identificacdo de L. (L.) infantum
chagasi, como agente causal, confirmando assim a transmissdo autoctone de
LVA em cédes da area urbana de Aracatuba e outros municipios da regido. O
primeiro caso humano de LVA autdctone da regido foi detectado em 1999
(CAMARGO-NEVES & KATZ, 1999; CAMARGO-NEVES et al., 2001; 2002). A
doenca atualmente constitui-se em um sério problema de salde publica, pois
estd em franca expansédo no Estado de Sao Paulo.

A leishmaniose visceral americana é uma zoonose urbana tendo o céo
como um dos principais reservatorios no ambiente doméstico (DEANE &
DEANE, 1962). O diagnéstico da leishmaniose visceral em cédes vem se
apresentando como um problema para os servicos de saude publica. O

problema é devido a principalmente trés fatores: variedade de sinais clinicos
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semelhantes as observadas em outras doencas infecciosas, alteracdes
histopatoldgicas inespecificas e inexisténcia de um teste diagnéstico 100%
especifico e sensivel.

Trypanosoma caninum por exemplo, foi recentemente diagnosticado no
Brasil em um céo co-infectado com Leishmania brasiliensis, no municipio do
Rio de Janeiro (MADEIRA et al., 2009; BARROS et al., 2012). Até o momento
todos isolados foram obtidos de culturas de amostras de pele de cées
saudaveis (BARROS et al., 2012), e embora certos aspectos epidemiolégicos
ainda sejam desconhecidos, a presenca de T. canino em regifes onde LVC é
endémica, tem se apresentado como possivel fator de confuséo no controle da
leishmaniose (ALVES et al., 2012).

No entanto, o diagnéstico laboratorial da leishmaniose visceral canina é
semelhante ao realizado na doenca humana, podendo ser baseado no exame

parasitologico ou soroldgico (BRASIL, 2006).

O diagndstico parasitolégico canino é o método de certeza (padrédo
ouro) e se baseia na demonstracdo do parasito obtido de material biolégico
(puncbes hepdticas, linfonodos, esplénica, medula Ossea e biopsia ou
escarificacdo de pele), entretanto, em muitos casos ndo sdo encontrados

parasitos, apesar de sua existéncia (BRASIL, 2006).

Com relacdo aos testes soroldgicos, a partir da Nota Técnica Conjunta
N° 01/2011 CGDT/GLAB/DEVIT/SVSIMS, 29/12/2011, que trata dos
“Esclarecimentos sobre substituicdo do protocolo diagnéstico da leishmaniose
visceral canina”, apds capacitacdo, adequagéo e cadastro junto ao Nucleo de

Informacédo do Instituto Adolfo Lutz (IAL) Central, os municipios do estado de
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Sao Paulo passaram a receber os Kits para triagem da LVC, utilizando o Teste
Rapido DPP® (Dual Path Platform) - TR leishmaniose visceral canina
BioManguinhos/FIOCRUZ, baseado na imunocromatografia, e o ELISA (EIE®

BioManguinhos/FIOCRUZ) definido como teste confirmatorio (BRASIL, 2011b).

O teste rapido imunocromatografico, utilizado como teste de triagem,
apresenta vantagens e facilidades, tais como: rapidez, simplicidade,
praticidade, realizagdo a partir de uma amostra de sangue total, soro ou
plasma; além de n&o exigir equipamentos laboratoriais especificos e
especializacdo tecnolégica. O ELISA, por sua vez, permite a realizacao
simultdnea de varias amostras e pode ser automatizado, além de eliminar a
subjetividade na leitura (BRASIL, 2011Db).

Em medicina veterinaria, o clinico normalmente se confronta com
casos sugestivos de leishmaniose, porém, muitas vezes, os testes diagnosticos
apresentam resultados contraditérios (FRANCINO et al., 2006). O programa de
controle da leishmaniose adotado no Brasil baseia-se em trés principais
estratégias: diagnostico e tratamento precoce dos casos humanos, inquéritos
sorolégicos com eutanasia dos caes positivos e vigilancia entomoldgica. As
medidas adotadas relacionam-se com a classificacdo das areas com e sem
transmissao vetorial (BRASIL, 2006). Tais estratégias de controle ndo tém sido
capazes de reduzir a incidéncia dos casos humanos (COSTA & VIEIRA, 2001).

No Brasil, a pratica da eutanasia canina é recomendada a todos os
animais sororreagentes e/ou parasitolégico positivo, conforme prevé o manual

de Vigilancia Epidemiolégica, distribuido pelo MS (BRASIL, 2013).
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No entanto, a partir de 2016, por meio da Nota Técnica Conjunta n°
001/2016 MAPA/MS, assinada pelo Ministério da Agricultura Pecuaria e
Abastecimento e pelo Ministério da Saude foi autorizado o registro do produto
MILTEFORAN, sob nimero SP 000175-9.000003, de propriedade da empresa
VIRBAC SAUDE ANIMAL, indicado para o tratamento da leishmaniose visceral

de caes.

Considerando que o cédo pode se infectar tanto com P. brasiliensis
como com Leishmania spp, este estudo teve como objetivo avaliar a infecgéo
por P. brasiliensis em cdes de uma regido endémica para leishmaniose

visceral.
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2. OBJETIVOS

2.1 OBJETIVO GERAL

Avaliar a co-infeccéo por P. brasiliensis e Leishmania spp em caes.

2.2 OBJETIVOS ESPECIFICOS

Detectar a infeccdo por P. brasiliensis por meio de métodos sorologicos
em céaes soropositivos e soronegativos para leishmaniose visceral

canina na regido de Aracatuba-SP.

Detectar P. brasiliensis em amostras de tecido de cées soropositivos

para PCM e leishmaniose por meio de PCR.

Isolar P. brasiliensis de amostras de tecido de caes soropositivos para

PCM e leishmaniose.
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Serological evidence of infection by Paracoccidioides
brasiliensis in dogs with leishmaniasis
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ABSTRACT

Paracoccidioidomycosis (PCM) is a systemic mycosis prevalent in Latin
American countries, caused by the dimorphic fungi Paracoccidioides
brasiliensis and P. lutzii. The habitat of these fungi in nature remains undefined,
although it is believed that infection occurs by inhalation of infective propagules
present in soil. Sentinels animals, such as dogs, can be valuable
epidemiological markers of paracoccidioidomycosis. Taking into account that
paracoccidioidomycosis and visceral leishmaniasis may occur in the same area,
the objective of this study was to evaluate the occurrence of P. brasiliensis
infection in dogs positive for canine visceral leishmaniasis. Serum samples of
dogs positive (n=199) and negative (n=101) for leishmaniasis, were analyzed by
immunodiffusion test using exoantigen of P. brasiliensis and 22 samples (7.3%)
were positive. The serum samples positive in immunodiffusion test were also
analyzed by Western blotting using recombinant P. brasiliensis gp43 and 86%
of samples were positive. A high positive correlation (r=0.96) between positivity
for leishmaniasis and paracoccidioidomycosis was observed. These data
suggest an association between leishmaniasis and paracoccidioidomycosis in
dogs.

Key words: Paracoccidioidomycosis, Leishmania, canine
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INTRODUCTION

Paracoccidioidomycosis [PCM) is a deep systemic mycosis caused by
human fungal pathogens of the Paracoccidioides genus that includes P.
brasiliensis (cryptic species S1, PS2 and PS3) and P. lutzii [1]. The disease is
geographically restricted to subtropical areas of Latin America with a high
prevalence in rural populations from Brazil, Colombia, Venezuela, and
Argentina [2,3].

PCM can be classified as PCM infection (infected individuals living in
PCM endemic areas without symptoms of disease) and PCM disease (patients
with clinical symptoms) [4]. The clinical manifestations depend on the virulence
of the infecting strain of P. brasiliensis, the degree and type of immune
response triggered, affected tissues, and intrinsic characteristics of the host
[5,6].

The habitat of Paracoccidioides sp. in nature remains still undefined,
therefore the use of animal sentinels could contribute for the detection of these
fungi in the environment. Infection by P. brasiliensis has been reported in dogs
[7-10], horses in Uruguay and in Brazil [11,12] cows in Colombia and Brazil
[13,14], sheep [15], goats and chickens [16,17], monkeys [18-20], armadillos
[21-23], rabbits, pigs and small wild rodents in Brazil [24—26].

In a study of experimental paracoccidioidomycosis, two out four
puppies inoculated with P. brasiliensis yeast cells by intravenous route, died
one week post inoculation, showing lesions and several yeast cells in lung,
spleen and liver, although no lesions were observed in lungs, spleen and liver

from the two animals that survived [27].
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The first cases of natural PCM in dogs were reported by Ricci et al. [28],
Farias et al. [29] and Headley et al. [30] in Brazil. Ricci et al. [28] reported the
first case of canine PCM in a female adult Doberman with cervical
lymphadenomegaly and the diagnosis was confirmed by immunohistochemistry
and Nested-PCR. Farias et al. [29] reported the second case in a female six-
year-old Doberman with hepatosplenomegaly, lymphadenomegaly and
progressive weight loss. The third description of clinical PCM in dogs, was
reported in a 5-year-old female Labrador dog that had enlargement of most
superficial lymph nodes and dermatitis associated with P. brasiliensis [30].

Silveira et al. [9], evaluated serum samples from dogs positive and
negative for leishmaniasis in Mato Grosso do Sul State, Central Western Brazil,
and observed a higher reactivity to P. brasiliensis antigens in samples positive
for leishmaniasis than in negative ones, suggesting co-infection by P.
brasiliensis and Leishmania or cross-reactivity.

Parasites of the Leishmania genus are trypanosomatid protozoa
transmitted by the bite of the phlebotomine sand fly and can manifest in three
clinical forms (cutaneous, mucocutaneous, visceral) depending on the parasite
species. Visceral leishmaniasis, also known as kala-azar is caused by
Leishmania (L.) infantum chagasi and is a zoonotic disease with dogs as the
main domestic reservoir and occasional human infections. In Brazil and other
countries with zoonotic visceral leishmaniasis, dogs are the main reservoir [31].

Taking into account that dogs are susceptible to development of
paracoccidioidomycosis and leishmaniasis, we selected a highly endemic area
for visceral leishmaniasis in Brazil [32]. The objective of this study was to

evaluate the co-infection of dogs by P. brasiliensis and Leishmania sp.
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Materials and Methods

Study Area

The Administrative Region of Aracatuba is one of sixteen administrative
regions of S&o Paulo State, Southeast Brazil and is composed by 43
municipalities, showing in 2010 a population of 735.401.

The serum samples were collected in the municipalities of Andradina,
Aracatuba and Birigui. The climate is Tropical with dry winter, and rainy period
in the summer, average temperature of 22.2°C, and annual average of

precipitation of 1200 mm.

Serum samples

The serum samples were colected in the Zoonosis Control Centers
(CCZs) of each municipality and sent to the Regional Adolfo Lutz Institute (1AL)
located in Aracatuba for analyzes by rapid test (TR-DPP) and ELISA (EIE®) for
canine visceral leishmaniasis. All the assays were performed according to
manufacturers instructions (Bio-Manguinhos, FIOCRUZ). Positive and negative
samples for leishmaniasis (n=300) were randomly selected from the
municipalities of Andradina, Aracatuba and Birigui (Table 1). This study was

approved by the Animal Ethics Committee of Adolfo Lutz Institute.

Immunodiffusion Test
The serum samples were analyzed by immunodiffusion test using P.
brasiliensis exoantigen as reagent, as described previously [33]. Serum

samples were added at peripheral orifices, a routine use positive control and
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exoantigen at the central orifice. All samples positive in Immunofusion were

analyzed by Western blotting using recombinant gp43 as antigen.

Western blotting analysis

Recombinant Gp43 (g43ANT) was obtained as described by Assungao
[34]. Briefly, recombinant protein was expressed in Escherichia coli BL21 (DE3)
upon induction with 0,5 mM IPTG (isopropyl- -D-thiogalactopyranoside-
Invitrogen Life Technologies) during 4 hours. Histidine-tagged recombinant
protein was purified with a nickel chelating resin (Qiagen). Recombinant Gp43
was electrophoresed on a 10% polyacrylamide gel containing SDS and
transferred to nitrocellulose membranes. The dogs serum samples positive for
PCM in I.D. were analyzed by Western blotting with recombinant gp43. The
serum samples were previously adsorbed with E. coli BL21(DE3) overnight and
incubated with membrane strips for 1 h. After washing the strips were incubated
with anti-dog immunoglobulin G-peroxidase conjugate. The reaction was

revealed with H202/diaminobenzidine and stopped with distilled water.

Statistical analysis

Statistical tests were carried out at a 5% significance level (p < 0.05, CI
95%) and three comparative analyses were performed using Pearson’s x2 test
Fisher's exact test and Odds Ratio (https://graphpad.com/quickcalcs/pValue2/,

https://www.medcalc.org/calc/odds_ratio.php; and BioEstat5.3).

Results
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In Table 1, it is possible to verify the amount of positive and negative
samples for leishmaniasis tested by municipality and its respective reactivity to
exoantigen of P. brasiliensis through immunodiffusion. A high positive
correlation (r=0.96) between positivity  for  leishmaniasis  and
paracoccidioidomycosis was observed, suggesting an association between
these infections.

The serum samples of dogs positive and negative for leishmaniasis
showed a positivity of 7.3% to P. brasiliensis exoantigen and all samples
positive for P. brasiliensis were also positive for Leishmania sp., and no
reactivity for P. brasiliensis was observed in the samples negative for
Leishmania sp. (Table 2).

The serum samples positive for Leishmania sp. showed a significant
higher reactivity to P. brasiliensis antigens than negative ones, suggesting that
dogs with leishmaniasis are more susceptible to infection by P. brasiliensis
(Odds Ratio = 25.73).

Taking into account that the exoantigen used in immunodiffusion test is a
crude antigen, and therefore could show cross-reactivity with other antigens, the
samples positive for exoantigen were analyzed by Western blotting with
recombinant non-glycosylated gp43 produced in E. coli (Figure 1) for minimizing
cross-reactivity. It was observed that 86% of samples positive in
immunodiffusion test were also positive in Western blotting with recombinant
gp43.

No difference was observed in relation to sex, suggesting that male and

female dogs are equally exposed to P. brasiliensis infection. Dogs positive in
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the immunodiffusion test probably have developed PCM disease taking into
account that in human PCM only patients with clinical symptoms are reactants

in this test [33].

Discussion

Our group also have evaluated the infection by P. brasiliensis in dogs
seropositive and seronegative for leishmaniasis in Campo Grande, Mato
Grosso do Sul State, Central Western Brazil. A total of 836 serum samples,
positive (n=449) and negative (n=387) to leishmaniasis were analyzed by
immunodiffusion test, and a positivity of 7.3% was observed, that coincidentally
is the same positivity observed in the present study.

Until now, despite the high rates of infection by P. brasiliensis reported in
seroepidemiological studies [7-10,35] there are only three cases of natural
disease reported in dogs [28—30] coincidentally all female dogs, in contrast with
human paracoccidioidomycosis, in which males are more susceptible than
females.

In human paracoccidioidomycosis, disease is more frequent in male than
female because estrogens inhibit P. brasiliensis mycelium to yeast
transformation [36]. In dogs, the estrous cycle is different from other animal
species [37]. The estrous cycle in dogs can be divided into four phases:
anestrus, proestrus, estrus and diestrus. Anestrus phase is a period of total
sexual inactivity, which lasts about 125 days and is characterized by an
involution of uterus and low levels of estrogen and progesterone, with an

increased level of estrogen only in the final phase of this period. This could



38

allow infection and therefore explain the fact that male and female dogs are
equally susceptible to development of paracoccidioidomycosis disease.

The results of the present study suggest that dogs with leishmaniasis
are more susceptible to infection by P. brasiliensis.

Cordeiro et al. [38] detected antibodies against Histoplasma capsulatum
in dogs seropositive for leishmaniasis. The authors analyzed 224 serum
samples from dogs in northeastern Brazil and antibodies against H. capsulatum
were detected in four serum samples (1.78%), three of which were also positive
for leishmaniasis. Krawczak et al. [39] evaluated the occurrence of co-infection
or cross-reaction in the serological tests used for detection of antibodies against
Leishmania sp., Babesia canis vogeli and Ehrlichia canis in urban dogs from the
State of Minas Gerais, Brazil, and demonstrated co-infection with Ehrlichia or
Babesia and Leishmania, although no cross-reactivity had been observed in the
serological tests.

Taking into account that cross-reactivity between P. brasiliensis and L.
loboi [40], as well as P. brasiliensis and H. capsulatum antigens may occur [41],
and that these fungi share the same endemic area in Brazil, it was not possible
discard the possibility of occurrence of cross-reaction. According to Wheat et al
[41], galactomannan and glucan are the major cause of cross-reactions. In the
present study we used a recombinant non-glycosylated gp43 produced in E. coli
to minimize this problem.

Dogs with symptomatic visceral leishmaniasis show a Th2 profile of
cytokine secretion [42] and resistant animals show development of specific
cellular immunity, with production of IL-2, TNF, and IFN-y [43]. Susceptible

dogs, however, show high levels of antibodies and absence of cellular response
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[44]. Taking into account that susceptibility for paracoccidioidomycosis
development is also associated with a Th2 response [45], probably dogs with
leishmaniasis would be more susceptible to PCM infection.

These results suggest that infection of dogs by P. brasiliensis occur
frequently in the region of study and that dogs with visceral leishmaniasis are

more susceptible to development of paracoccidioidomycosis.
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Figure 1. Evaluation by Western blotting (recombinant gp43) of serum samples

(n=22) from dogs positive in immunodiffusion (exoantigen). Molecular weight

showing bands of 20 and 50KDa.
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Detection of Paracoccidioides brasiliensis in a dog with
visceral leishmaniasis

ABSTRACT

Paracoccidioidomycosis (PCM) is a systemic mycosis prevalent in Latin
America, including Brazil. The etiological agents of PCM are the
thermodimorphic fungi Paracoccidioides brasiliensis and P. lutzii. The infection
is probably acquired by inhalation of infective propagules present in the
environment. The habitat of Paracoccidioides spp in nature, however, remains
still undefined. Sentinel animals such as dogs could be useful indicators of
Paracoccidioides spp presence in endemic areas. Previous studies of our group
showed high rates of infection by P. brasiliensis in dogs seropositive for
leishmaniasis. The aim of this study was to detect Paracoccidioides spp through
culture and molecular assays in dogs seropositive for leishmaniasis and PCM.
The serum samples from dogs positive and negative for leishmaniasis (n=128)
were analyzed by immunodiffusion test and 7 (5.4%) were positive for PCM,
and most of these samples (n=6) were also positive for leishmaniasis. Tissue
samples (lymph nodes and skin lesions) from one dog seropositive for
leishmaniasis and PCM were cultured in Agar Sabouraud with chloranfenicol
and analyzed by PCR for leishmaniasis and PCM, using primers 13A/B to
detect Leishmania spp and a-TUB, PbITS-E/R and P27 primers for P.
brasiliensis. It was possible to detect a fragment of 120bp using primers 13A/B
to detect Leishmania spp, confirming the seropositivity obtained by
immunological assays. About PCM, it was possible to detect a 387bp-product in

tissues only through the use of PbITS-E/R primers. A colony with macroscopic
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characteristics of P. brasiliensis was recovered from the culture of skin lesion
and the microscopic analysis showed yeast cells similar to P. brasiliensis. The
new isolated of P. brasiliensis was confirmed by PCR using a-TUB, PbITSE/R
and P27 primers, and subsequently confirmed by sequencing, showing identity
of 99% with P. brasiliensis. This is the first report of P. brasiliensis detection in a
dog with leishmaniasis.

Key words: Paracoccidioidomycosis. Visceral leishmaniasis. dogs

INTRODUCTION

Paracoccidioidomycosis (PCM) is a deep systemic mycosis caused by
fungi of the Paracoccidioides genus, P. brasiliensis and P. lutzii (1). The
disease is geographically restricted to subtropical areas of Latin America, with a
high prevalence in agricultural worker from Brazil, Colombia, Venezuela, and

Argentina (2).

PCM can be classified as PCM infection (infected individuals living in
PCM endemic areas without symptoms of disease) and PCM disease (patients
with clinical symptoms) (3). There are two main clinical forms of PCM disease:
the acute or sub-acute form (juvenile type) and the chronic form (adult type) (4).
The clinical manifestations depend on the virulence of the infecting strain of P.
brasiliensis, the degree and type of immune response triggered, infected

tissues, and intrinsic characteristics of the host (5,6)

Infection by P. brasiliensis has also been reported in domestic and wild

animals such as dogs (7-9), horses (10,11), cows (12,13), sheep, goats,
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chickens, rabbits, pigs (14-18), monkeys (19), armadillos and small wild

rodents (20,21).

Dogs, due to the habit of digging and sniffing the soil, probable habitat of
Paracoccidioides spp., may be good epidemiological markers of PCM. The
susceptibility of dogs to PCM development has been shown by experimental
infection (22) and by the reports of natural PCM in three dogs from Brazil
(23,24). Ricci et al. (23) reported the first case of natural PCM in a dog. The
animal, an adult female Doberman, developed cervical lymphadenomegaly and
the diagnosis was confirmed by immunohistochemistry and Nested-PCR to
gp43 gene region. Farias et al (24) reported the second case of PCM in another
female six-year-old Doberman that presented hepatosplenomegaly and
lymphadenomegaly with progressive weight loss. Diagnosis in this case was
made by culture, immunohistochemistry and histopathology. The third
description of clinical PCM in dogs, was reported in a 5-year-old female
Labrador dog that had enlargement of most superficial lymph nodes and
dermatitis associated with P. brasiliensis (25).

Silveira et al. (9) evaluated the presence of antibodies against P.
brasiliensis in dogs seropositive and seronegative for leishmaniasis in Campo
Grande, Mato Grosso do Sul, Brazil. A total of 836 serum samples, positive
(n=449) and negative (n=387) to leishmaniasis were analyzed by
immunodiffusion test, and a positivity of 7.3% was observed. A higher reactivity
to P. brasiliensis antigens in samples positive for leishmaniasis than in negative
ones, suggested co-infection by P. brasiliensis and Leishmania or cross-

reactivity.



53

Leishmaniasis is a parasitic disease caused by protozoans of the genus
Leishmania, transmitted by the bite of the phlebotomine sand fly. The disease
can manifest in the forms cutaneous, mucocutaneous and visceral, depending
on the parasite species and host immune response. Visceral leishmaniasis (VL)
is caused by Leishmania (L.) infantum chagasi and is a zoonotic disease, being
domestic dogs the main reservoir hosts, with occasional infection of humans

(26,27).

Taking into account that dogs are susceptible to infection by P.
brasiliensis and Leishmania sp.; and that previous studies of our group showed
a high rate of infection by P. brasiliensis in dogs seropositive for leishmaniasis,
the objective of this study was to detect P. brasiliensis in dogs seropositive for

leishmaniasis and paracoccidioidomycosis.

MATERIALS AND METHODS

Study area

Aracatuba is a municipality of S&o Paulo state, located at 21°12'32" S
and 50°25'58" W, with an altitude of 390 m. The population is about 191.662
inhabitants, it is the seat of the ninth administrative region of Sdo Paulo, being
the second largest city of the west of Sdo Paulo state (Figure 1). The climate is
Aw, with tropical climate, dry winter and rainy period in the summer, average
temperature of 22,2°C, and annual average of precipitation of 1200 mm

(http://pt.climate-data.org/)
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Figure 1. Map showing location of Aragatuba municipality in S&o Paulo
State.

Serum samples

Serum samples of dogs from Aracatuba municipality were forwarded by
Zoonosis Control Center (CCZ) of Aracatuba to the Regional Adolfo Lutz
Institute (IAL) located in the same city. It was performed DPP® rapid test and
ELISA (EIE®) for canine visceral leishmaniasis (CVL). All the assays were
performed according manufacture’s instructions (BioManguinhos- FIOCRUZ).
Positive (n=66) and negative (n=62) samples for leishmaniasis were chosen of

random way for the research of PCM.

Immunodiffusion test

The serum samples were analyzed by immunodiffusion test using P.
brasiliensis exoantigen as reagent, as described previously by CAMARGO et al.
(28). Serum samples were added at peripheral orifices and the exoantigen at
the central orifice. A serum sample from a human patient with PCM was used

as positive control.
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All positive samples in immunodiffusion that were also positive for
leishmaniasis, had tissue samples (lymph nodes and skin lesions) collected
after euthanasia to be cultured in Agar Sabourad with chloranfenicol and

analyzed by PCR.

Culture of tissue samples

Fragments of lymph nodes and skin lesions from one dog were cultured
in Agar Sabourad Dextrose with chloranfenicol (50ug/ml) and incubated at

37°C.

DNA extraction

DNA extractions from lymph nodes and skin lesions were performed
using the phenol-chloroform-isoamyl alcohol method (29). DNA was
precipitated with 2.5x volume of cold ethyl alcohol P.A. and sediment washed
with cold alcohol 70%. DNA was eluted with ultrapure water and samples were
quantified using the NanoDrop™ Lite (Thermo Scientific, CA, USA), with
concentrations adjusted to 500ng/pl for those samples with highest
concentrations. This concentration was based on study of Colombo (30) in
which DNA from canine lymph nodes were extracted and concentration
adjusted for 250 ng/ul, and 5 pl of template DNA utilized in conventional PCR

(final concentration: 1250 ng).

PCR analysis
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For all PCR analysis were used 8.0 pl of ultrapure water, 12.5 pl GoTaq
2x (Promega, USA), 1 pl Forward primer and 1 pl Reverse primer at 10ng/ul
each one; and 2.5 ul of template DNA (final concentration: 1250ng). All the PCR
reactions were run on a BioCycler Thermal Cycler (BIOSYSTEMS, Barcelona,
Spain) and the amplicons visualized by electrophoresis on 10% poliacrylamide
gel followed by silver staining. The fragment sizes were estimated based on

comparisons with a 100-bp ladder (Invitrogen, Waltham, MA USA).
PCR for Leishmania spp detection

The detection of Leishmania spp was performed by the use of primers
13A (5-GTG GAG GGG CGT TCT -3) and 13B (5-ATT TTA CAC CAA CCC
CCA GTT- 3’), as described for Rodgers, Popper and Wirth (31), and Nunes et
al. (32). These primers are similar to primers 150/152 (33), a molecular marker
that identify Leishmania spp genus and amplify a 120bp-product from k-DNA
minicircles, with annealing temperature of 55°C. DNA obtained from Leishmania

(Leishmania) amazonensis (LLa) were used as positive control.

PCR for P. brasiliensis detection

In order to detect P. brasiliensis, it was carried out PCR reactions using
the following primers sets: a-Tub gene, a-TubF (5’ -CTG GGA GGT ATG ATA
ACA CTG C-3) and a-TubR (5'-CGT CGG GCT ATT CAG ATT TAA G-3’) (34)
with a 270bp-product and the annealing temperature of 60°C; ITS region,
PbITS-E (5° GAGCTTTGACGTCTGAGACC 3) and Pb ITS-R (¥

AAGGGTGTCGATCGAGAGAG 3’) (35) with a 387bp-product with annealing
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temperature of 62°C; And p27 gene, LO (5 CTCTTGGCTTTGGTTGAAG 3’)
and UP (5 CTGTTGTTTCCGTCCTTGCG 3’) (36) with a 536bp-product and
annealing temperature of 60°C. DNA obtained from P. brasiliensis were used as

positive control.

Sequencing of P. brasiliensis

Amplicons obtained with a-Tub primers were purified by ammonium
acetate and the sequencing reactions were carried out by Big Dye® Terminator
Sequencing Kits. The sequences were compared to the NCBI database

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

Quality Controls

It was included one negative control (ultrapure water DNA-free) per five
amplified specimens to exclude any carryover contamination during the PCR
process. These negative controls contained all necessary components for PCR,

except DNA template.

RESULTS AND DISCUSSION

A total of 128 serum samples were analyzed by immunodiffusion test for
PCM, of which 62 were negative (48.5%) and 66 positive (51.5%) for
leishmaniasis. A total of 7 samples (5.4%) were positive for PCM, being 6
previously positive for leishmaniasis.

Lymph nodes and skin lesions samples from a 4-year-old male mongrel

dog, seropositive for leishmaniasis and PCM were obtained, and submitted to
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culture and PCR. Figures 2 and 3 confirm the infection of this dog by

Leishmania sp. and P. brasiliensis respectively.

Figure 2. Detection of Leishmania spp fragment by PCR. Ladder 100bp(1),
Negative control (ultrapure water)(2), Positive control (DNA from Leishmania
amazonensis)(3), Lymph node(4), Skin lesion(5).

387bp

Figure 3. Detection of P. brasiliensis fragment by PCR using PbITS-E/R
primers. Ladder 100bp (1), Negative control (ultrapure water)(2), Positive
control (DNA from P. brasiliensis)(3), Lymph node(4), Skin lesion(5).
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The culture of skin lesions samples showed a colony with macroscopic

and microscopic characteristics of P. brasiliensis yeast cells (Figure 4).
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Figure 4. Morfological aspect of P. brasiliensis in cultures of skin lesions.
Macroscopic and microscopic aspect of Paracoccidioides spp in culture of skin
lesions from dog seropositive for PCM and leishmaniasis (40x)

PCR analysis of the DNA from yeast colony with primers for P.
brasiliensis a-TUB, PbITSE/R and P27 showed positive results for all primers
tested (Figure 5). The molecular identities of amplicon were confirmed by direct
double strand sequencing which showed identity of 99% with P. brasiliensis

DNA sequences deposited at Gen Bank (DQ003789.1 Accession).



60

536bp —»

387bp
270bp

Figure 5. PCR for P. brasiliensis from the culture, using primers a-TUB F/R
(270bp), PbITSE/R (387bp) and P27 (536bp). Ladder 100bp (1); Negative
control (ultrapure water) (2), Positive control (DNA from Pb/a-TUB) (3), DNA
from culture/a-TUB (4), Positive control (DNA from Pb/PbITSE/R) (5), DNA from
culture/PbITSE/R (6), Positive control (DNA from Pb/P27) (7), DNA from
culture/ P27 (8).

The results of this study confirm the hypothesis of co-infection by P.
brasiliensis and Leishmania spp. in dogs, suggested previously by our group
(9).

Serological evidence of co-infection of dogs by Histoplasma capsulatum
and Leishmania sp. was reported in a study performed by Cordeiro et al. (37) in
northeastern Brazil. The authors analyzed by immunodiffusion a total of 224
serum samples and antibodies against H. capsulatum were detected in four
samples (1.78%), three of which were also positive for leishmaniasis.

Krawczak et al. (38) evaluated the occurrence of co-infection or cross-
reaction in the serological techniques used for detecting antibodies against
Leishmania spp., Babesia canis vogeli and Ehrlichia canis in urban dogs from

Southeast Brazil. The authors demonstrated co-infection with Ehrlichia or
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Babesia and Leishmania in dogs, and no cross-reactivity was observed in the
serological tests evaluated.

Clinical appearance and evolution of leishmaniasis is a consequence of
complex interactions between the parasite and the genetic and immunological
background of the host. It is widely accepted that in susceptible animals the
progression of infection to active disease is characterized by a marked humoral
response, a cellular immune depression against the parasite. On the other
hand, resistant dogs lack clinical signs, develop low levels of anti-Leishmania
antibodies and parasite load, and develop a strong cellular immune response
and a positive skin test to leishmanial antigens (39-41).

Dogs susceptible to visceral leishmaniasis show a Th-2 immunological
profile (42) and dogs resistant show low levels of antibodies and development
of specific cellular-immunity, with production of IL-2, TNF, and IFN- y (43).
Taking into account that a similar pattern of susceptibility/resistance is observed
in paracoccidioidomycosis (44), probably, dogs with leishmaniasis would be

more susceptible to PCM disease.

The dog positive to P. brasiliensis in this study, resided in a house
located at a peripheral region of Aracatuba municipality, located at east side,
near a native forest. The ecological characteristics of this area are similar to
those reported in epidemiological studies of paracoccidioidomycosis in humans
(45).

The results of this study reinforces that dogs are good sentinels for
detection of P. brasiliensis in environment. To the best of our knowledge, this is
the first report describing the detection of P. brasiliensis in a dog with

leishmaniasis.
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3. CONCLUSAO

Estes dados confirmam a hipotese do cdo ser um bom indicador da
presenca do fungo no ambiente e € o primeiro relato de co-infec¢cdo por

Leishmania spp e Paracoccidioides brasiliensis em cées.
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