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RESUMO

RIVAS, Acgucena Veleh. Evidéncias sorolégicas e padroes espaciais de exposigcao
a Leishmania infantum e Paracoccidioides spp. em caes de Foz do Iguacu,
Brazil. 2026. 88 f. Tese (Patologia Experimental) — Centro de Ciéncias Bioldgicas,
Universidade Estadual de Londrina, Londrina, 2026.

A presente tese busca contribuir para o avango do conhecimento sobre a
paracoccidioidomicose (PCM) em céaes, tanto por meio da sistematizagdo da produgao
cientifica disponivel quanto pela geracdo de evidéncias originais em uma area de
reconhecida importancia epidemioldgica. A tese foi estruturada em dois artigos
cientificos. O primeiro consistiu em uma revisdo sistematica da literatura sobre
infecgao por Paracoccidioides spp. € PCM em caes, incluindo estudos experimentais,
imunoldgicos, soroepidemiolégicos e relatos de casos naturais. O segundo
correspondeu a um estudo observacional realizado em Foz do Iguagu, Parana, no
qual foram analisadas 250 amostras de soro canino por imunodifusdo radial dupla (ID),
avaliagao clinica e analise espacial por densidade de Kernel, com comparagao entre
caes positivos e negativos para Leishmania infantum. Os resultados da reviséo
demonstraram que os caes sao frequentemente expostos a Paracoccidioides spp. em
areas endémicas, com elevadas taxas de soropositividade, embora a progresséo para
PCM clinica aparente ser rara. Os estudos experimentais confirmaram suscetibilidade
biolégica, mas com desfechos heterogéneos, enquanto os relatos de caso
evidenciaram formas sistémicas, cutdneas e mucocutaneas semelhantes as
observadas em humanos. No estudo de campo, a leishmaniose visceral canina
apresentou alta  soroprevaléncia (35,6%), enquanto anticorpos contra
Paracoccidioides spp. foram detectados em 8,4% dos caes, todos também
soropositivos para L. infantum, com associagao significativa entre os agentes e
distribuicdo espacial heterogénea e agrupada. Conclui-se que os caes atuam como
indicadores epidemiolégicos relevantes da exposi¢gdo ambiental a Paracoccidioides
spp., sendo Uteis para a vigilancia sob a perspectiva de Saude Unica, e que a
associagao observada com L. infantum em areas endémicas reforca a necessidade
de abordagens integradas de vigilancia e de estudos adicionais para aprofundar a

compreensao dessa interface epidemiolégica.

Palavras-chave: Paracoccidioidomicose; leishmaniose visceral; Saudde Unica;

vigilancia epidemioldgica; imunodifusao dupla.



ABSTRACT

RIVAS, Acucena Veleh. Serological evidence and spatial patterns of exposure to
Leishmania infantum and Paracoccidioides spp. in dogs from Foz do Iguacgu,
Brazil. 2026. 88 p. Thesis (Postgraduate in Experimental Pathology) — Center for
Biological Sciences, State University of Londrina, Londrina, 2026.

This thesis aims to contribute to the advancement of knowledge on
paracoccidioidomycosis (PCM) in dogs by both systematizing the available scientific
evidence and generating original data in a region of recognized epidemiological
relevance. The thesis is structured into two scientific articles. The first comprises a
systematic review of the literature on Paracoccidioides spp. infection and PCM in dogs,
including experimental, immunological, seroepidemiological studies, and reports of
naturally occurring cases. The second consists of an observational study conducted in
Foz do Iguacgu, Parana, in which 250 canine serum samples were analyzed through
double immunodiffusion (DID), clinical evaluation, and spatial analysis using Kernel
density estimation, comparing dogs positive and negative for Leishmania infantum.
The findings of the review indicate that dogs are frequently exposed to
Paracoccidioides spp. in endemic areas, with high rates of seroreactivity, although
progression to clinical PCM appears to be uncommon. Experimental studies have
demonstrated biological susceptibility, albeit with heterogeneous outcomes, while case
reports describe systemic, cutaneous, and mucocutaneous manifestations similar to
those observed in humans. In the field study, canine visceral leishmaniasis showed a
high seroprevalence (35.6%), whereas antibodies against Paracoccidioides spp. were
detected in 8.4% of the dogs, all of which were also seropositive for L. infantum. A
significant association between the pathogens was observed, along with a
heterogeneous and spatially clustered distribution. It can be concluded that dogs are
relevant epidemiological indicators of environmental exposure to Paracoccidioides
spp., making them valuable for surveillance from a One Health perspective, and that
the observed association with L. infantum in endemic areas highlights the need for
integrated surveillance strategies and further studies to better understand this
epidemiological interface.

Keywords: Paracoccidioidomycosis; visceral leishmaniasis; One Health;

epidemiological surveillance; double immunodiffusion.
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1 INTRODUGAO

A paracoccidioidomicose (PCM) constitui uma micose sistémica de elevada
relevancia em saude publica na América Latina, com maior concentragcao de casos
no Brasil, onde a doenca assume carater endémico em extensas areas do territério
nacional (MARTINEZ, 2017). Causada por fungos do género Paracoccidioides, a
infeccao esta associada a condigbes ecoldgicas e ambientais especificas, sobretudo
a exposicao ao solo e a vegetacdo em areas rurais, periurbanas e em ambientes
submetidos a modificagdes antropicas (RODRIGUES-VENDRAMINI et al., 2019).
Embora os aspectos clinicos, epidemiolégicos e imunopatolégicos da PCM humana
estejam relativamente bem estabelecidos na literatura, o conhecimento acerca da
infeccao por Paracoccidioides spp. em caes permanece mais restrito e fragmentado.

No ambito da medicina veterinaria, os caes apresentam particular interesse
epidemioldgico por compartilharem com os seres humanos 0s mesmos espagos
domiciliares, peridomiciliares e, frequentemente, ambientes rurais, estando sujeitos a
condigdes semelhantes de exposicdo aos agentes infecciosos presentes no
ambiente. Sob essa perspectiva, esses animais podem desempenhar papel relevante
como sentinelas da circulagédo ambiental de Paracoccidioides spp., contribuindo para
a identificacdo de areas de risco e para a ampliagdo do conhecimento sobre a
ecoepidemiologia da infeccdo. Além disso, a investigacao da exposi¢cao canina ao
agente insere-se em uma abordagem integrada de Saude Unica, ao articular satude
animal, saude humana e fatores ambientais.

Paralelamente, a leishmaniose visceral canina (LVC) representa uma zoonose
de reconhecida importancia no Brasil, com ampla distribuicdo geografica e expansao

progressiva em diferentes regides do pais (MS, 2019). Na regiao de triplice fronteira,
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especialmente no municipio de Foz do Iguagu, Parana, a circulagdo de Leishmania
infantum ocorre em cenario epidemiologico de interesse particular, no qual também
se observam condi¢des favoraveis a exposigao a Paracoccidioides spp. (MOREIRA
et al., 2026). A sobreposigcdo endémica desses patdogenos torna-se especialmente
relevante diante de evidéncias que sugerem associagao entre a sororreatividade para
L. infantum e P. brasiliensis em caes, levantando hipoteses relacionadas a
possibilidade de reatividade cruzada, coinfeccdo ou compartilhamento de fatores
ambientais de risco (SILVEIRA et al., 2006; PETRONI et al., 2017).

Nesse contexto, a presente tese foi concebida com a finalidade de aprofundar
a compreensao da infecgao por Paracoccidioides spp. em caes, considerando tanto
o estado atual do conhecimento cientifico quanto a investigagdo de sua ocorréncia
em cenario endémico de interesse epidemiolégico. Para tanto, o trabalho foi
estruturado em dois artigos cientificos.

O primeiro artigo teve por objetivo analisar e integrar sistematicamente a
literatura disponivel sobre infeccdo por Paracoccidioides spp. e PCM em caes,
abrangendo modelos experimentais de infecgdo, estudos imunolégicos,
levantamentos soroepidemioldgicos e casos clinicos de ocorréncia natural.

O segundo artigo teve por objetivo avaliar a soropositividade para
Paracoccidioides spp. em céaes positivos e negativos para Leishmania infantum e
descrever a distribuigcdo espacial dos animais soropositivos nas regides urbanas de
Foz do Iguagu, Parana, Brasil, considerando a sobreposicdo endémica desses

patégenos na regiao da triplice fronteira.
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2 PARACOCCIDIOIDOMICOSE

2.1 Historico, Taxonomia e Agentes Etiologicos

A PCM é uma micose sistémica descrita pela primeira vez por Adolfo Lutz, em
1908, a partir do relato dos aspectos clinicos, histopatoldgicos e micoldgicos de dois
casos humanos observados em S&o Paulo, Brasil (LUTZ, 1908). Posteriormente, em
1912, Alfonso Splendore descreveu novos casos e estudou a morfologia do fungo
causador da doenca, denominando-o Zymonema brasiliensis (SPLENDORE, 1912;
LACAZ, 1983). Em 1930, Floriano Paulo de Almeida redefiniu a espécie como
Paracoccidioides brasiliensis (LACAZ, 1983). Desde entdo, a doenga recebeu
diferentes denominag¢des, como blastomicose brasileira, blastomicose sul-americana,
doenca de Lutz e doenca de Lutz-Splendore-Almeida. Em 1971, durante a reunido de
micologistas das Ameéricas realizada em Medellin, Colémbia, consolidou-se a
nomenclatura paracoccidioidomicose para designar a micose causada por fungos do
género Paracoccidioides (LACAZ, 1983).

Inicialmente, P. brasiliensis foi classificado na familia Onygenaceae, ordem
Onygenales, filo Ascomycota. Posteriormente, foi proposta a familia
Ajellomycetaceae para englobar o grupo monofilético Ajellomyces, que inclui os
géneros anamorficos Blastomyces, Emmonsia, Histoplasma e Paracoccidioides
(BIALEK et al., 2000; HERR et al., 2001; SAN-BLAS; NINO-VEGA; ITURRIAGA,
2002; UNTEREINER et al., 2004; BAGAGLI et al., 2008).

Estudos moleculares demonstraram ampla variabilidade genética entre
isolados de Paracoccidioides brasiliensis, bem como possiveis correlagdes entre
gendtipos, distribuicdo geografica, viruléncia e resisténcia a farmacos (MOLINARI-

MADLUM et al., 1999; NINO-VEGA et al., 2000; HAHN et al., 2003; MATUTE et al.,
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2006). Analises filogenéticas baseadas em sequenciamento multilocus de 65 cepas
evidenciaram a existéncia de trés grupos filogenéticos principais, inicialmente
tratados como espécies cripticas ou linhagens geneticamente distintas dentro de P.
brasiliensis, denominados S1, PS2 e PS3, derivados de eventos independentes de
especiacao. Nesse contexto, PS2 e PS3 mostraram-se monofiléticos, enquanto S1 foi
caracterizado como parafilético; além disso, S1 e PS2 apresentaram comportamento
simpatrico e recombinante, ao passo que PS3 foi considerado alopatrico e clonal
(MATUTE et al.,, 2006). Esses achados indicaram que a diversidade genética
observada no entdo denominado P. brasiliensis nao correspondia apenas a variagoes
intraespecificas, mas refletia a presencga de linhagens evolutivamente independentes,
cuja delimitagdo passou a ganhar maior suporte com o avang¢o das abordagens
filogenéticas multilocus e gendmicas.

Posteriormente, analises filogenéticas demonstraram que a cepa Pb01 se
distinguia dos demais isolados do género Paracoccidioides (CARRERO et al., 2008;
TEIXEIRA et al., 2009). Com base em dados filogenéticos moleculares e genédmicos
comparativos, foi entdo proposta formalmente a espécie Paracoccidioides lutzii,
constituida por isolados do grupo “Pb01-like” (TEIXEIRA et al., 2014). Esse processo
de revisdo taxondmica foi ampliado por Turissini et al. (2017), que reforcaram a
hipétese de que o género Paracoccidioides compreende cinco espécies filogenéticas,
sendo quatro pertencentes ao complexo P. brasiliensis € uma correspondente a P.
lutzii. Assim, as linhagens anteriormente reconhecidas como espécies cripticas
passaram a ser interpretadas como espécies filogenéticas formalmente delimitadas,
com base na divergéncia observada em loci nucleares, nas relagdes filogenéticas e
em padroes evolutivos independentes. Embora os autores tenham observado

incongruéncias entre genealogias nucleares e mitocondriais, os dados nucleares
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sustentaram a separac¢ao das espécies do complexo P. brasiliensis, contribuindo para
consolidar a reclassificagao taxonémica do grupo (TURISSINI et al., 2017).
Atualmente, reconhece-se a existéncia de pelo menos quatro espécies
filogenéticas irmas no complexo P. brasiliensis, além de P. lutzii (TEIXEIRA et al.,
2014; TURISSINI et al., 2017). O complexo P. brasiliensis compreende: P. brasiliensis
sensu stricto (S1), encontrada especialmente no Sudeste e Sul do Brasil, além da
Argentina e do Paraguai; Paracoccidioides americana (PS2), com distribuigao
esporadica e casos humanos descritos na Venezuela e no Sudeste do Brasil;
Paracoccidioides restrepiensis (PS3), menos frequente, com predominio na Colémbia
e registros esparsos na Argentina, no Peru e no Brasil;, e Paracoccidioides
venezuelensis (PS4), com ocorréncias descritas na Venezuela e no Brasil (MATUTE
et al., 2006; THEODORO et al., 2012; TEIXEIRA et al., 2014; TURISSINI et al., 2017;
COCIO et al., 2020a; COCIO et al., 2020b; DE MELO TEIXEIRA et al., 2020;
PINHEIRO et al., 2020, LEITE et al., 2024). Por sua vez, P. lutzii constitui uma espécie
distinta, predominantemente distribuida nas regides Centro-Oeste e Amazdnica do

Brasil, além do Equador (MARQUES-DA-SILVA et al., 2012; TATAGIBA et al., 2018).

2.2 Distribuicdo Geografica e Relevancia Epidemiolégica da PCM em

Humanos

A PCM é uma micose sistémica endémica restrita a América Latina, sendo
considerada uma das infecgdes fungicas de maior relevancia epidemiolégica na
regiao. Estima-se que aproximadamente 10 milhdes de individuos estejam infectados
por fungos do género Paracoccidioides, embora apenas cerca de 1% a 2%

desenvolvam manifestacbes clinicas da doenga. O Brasil concentra
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aproximadamente 80% dos casos humanos descritos, com maior ocorréncia nas
regides Sudeste, Centro-Oeste e Sul, e a PCM ja foi registrada em cerca de 27% dos
municipios brasileiros (COUTINHO et al., 2015; MARTINEZ, 2017).

No Brasil, Coutinho et al. (2002) demonstraram que a PCM constituiu a oitava
causa mais frequente de morte entre as doencas infecciosas e parasitarias crénicas
ou recorrentes, com 3.181 o&bitos registrados entre 1980 e 1995, correspondendo a
uma média anual de 198,81 &bitos e a uma taxa média anual de mortalidade de 1,45
por milhdo de habitantes. Nesse estudo, as maiores taxas de mortalidade foram
observadas nas regides Sudeste e Sul, responsaveis por 53,99% e 27,51% dos
obitos, respectivamente. O Parana respondeu por 14,52% do total de obitos
registrados no Brasil, com coeficiente médio anual de mortalidade de 3,45 por milhdo
de habitantes (COUTINHO et al., 2002).

Dados hospitalares também reforgam a importancia da PCM como agravo de
saude publica. Entre 1998 e 2006, foram registradas 13.683 internagdes hospitalares
por micoses sistémicas no Brasil, das quais 49% corresponderam a PCM, totalizando
6.732 internacdes e 334 Obitos hospitalares. Esses dados representam taxa de
internagdo de 4,3 e taxa de obito hospitalar de 5% (COUTINHO et al., 2015). No
mesmo periodo, a regido Sul apresentou valores superiores aos nacionais, com taxa
de internacao de 6,9 e taxa de 6bito hospitalar de 7%, onde o Parana, isoladamente,
concentrou 50% das internagdes regionais e 55% dos 6bitos hospitalares da regiao
(COUTINHO et al., 2015).

Apesar desse cenario, a real prevaléncia da PCM provavelmente esta
subestimada, uma vez que a doenga nao integra a Lista Nacional de Notificagcao
Compulsoria de Doencgas, Agravos e Eventos de Saude Publica (BRASIL, 2022a).

Desse modo, o conhecimento epidemioldgico sobre a PCM no pais baseia-se, em
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grande parte, em séries retrospectivas de casos, estudos com isolados ou linhagens
mantidas em colecdes de pesquisa e dados provenientes do Sistema de Internacdes
Hospitalares do Sistema Unico de Saude (SIH-SUS) (BRASIL, 2022b). Com base na
experiéncia de servigos de referéncia, estima-se que a incidéncia anual no Brasil varie
de 0,71 a 3,70 casos por 100 mil habitantes (MARTINEZ, 2017). O estado do Parana,
no sul do pais, apresentou incidéncia cumulativa de 6,4 casos por 100 mil habitantes,
com incidéncia média anual de 0,46 caso por 100 mil habitantes (DE SOUZA
SUGUIURA & ONO, 2022).

No Oeste do Parana, a importancia epidemiolégica da PCM é evidenciada por
estudos conduzidos no municipio de Foz do Iguacu. Loth e colaboradores (2011)
reportaram a incidéncia da doencga e a ocorréncia de obitos entre residentes dessa
regido entre janeiro de 2008 e julho de 2009. No periodo, foram identificados 102
novos casos de PCM, sendo 70,6% em homens e 29,4% em mulheres, com média
de idade de 49,1 £ 155 anos. Além disso, foram registrados 15 o&bitos,
correspondentes a 14,7% dos pacientes avaliados, e observou-se elevada frequéncia
de comorbidades associadas, especialmente tuberculose. Os autores destacaram
que, somente em 2008, foram diagnosticados cerca de 50 novos casos, numero
expressivo em comparagao com outras regides do Parana e do Brasil. Esse achado
foi atribuido, ao menos em parte, a inclusdo do exame micoldgico de escarro para
PCM na rotina de pacientes investigados para tuberculose. Esses dados sustentam
a caracterizagao da regiao como area endémica e reforgam a importancia de servigos
locais capacitados para o diagnéstico da PCM (LOTH et al., 2011).

Em analise retrospectiva de dados de PCM humana entre 2007 e 2020, de
Souza Suguiura e Ono (2022) observaram que Foz do Iguagu apresentou a maior

incidéncia cumulativa entre os municipios do Parana avaliados, com 9,7 casos por 10
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mil habitantes. Embora esses dados indiquem elevada concentracido de casos no
municipio, os autores ponderam que nao € possivel determinar se esse padréo
reflete, necessariamente, uma condi¢ao hiperendémica da regido Oeste ou se resulta
da maior eficiéncia na identificagdo, diagndstico e notificagdo dos casos. Portanto,
além de indicar a relevancia epidemiolégica da doenga no Oeste do Parana, esses
achados reforcam a necessidade de diretrizes diagnosticas e estratégias de vigilancia
que permitam estimar com maior precisdo a carga da PCM em areas endémicas.
Nesse sentido, em 2022, a Organizagao Mundial da Saude publicou a primeira
lista de fungos prioritarios, intitulada Fungal Priority Pathogens List (FPPL), com o
objetivo de direcionar pesquisas e intervengdes politicas voltadas ao enfrentamento
de infecgbes fungicas e da resisténcia a antifungicos. Nessa lista, Paracoccidioides
spp. foi incluido no grupo de prioridade média, com base em critérios como
mortalidade, incidéncia anual, distribuicdo geografica, tendéncia temporal,
hospitalizagdo, complicagdes e sequelas, resisténcia a antifungicos, evitabilidade,
acesso ao diagnostico e disponibilidade de tratamentos baseados em evidéncias.
Embora sua distribuicdo seja regionalmente restrita, a elevada relevancia em areas
endémicas justifica sua consideracédo prioritaria em contextos epidemioldgicos
regionais, sub-regionais e nacionais, especialmente para definicdo de agendas locais

de saude publica e pesquisa (WHO, 2022).

2.3 Biologia, Habitat e Dimorfismo de Paracoccidioides spp.

Os fungos da ordem Onygenales evoluiram com adaptagdes a dois nichos

ecoldgicos distintos: 0 ambiente saprdbio no solo e os tecidos vivos de hospedeiros

animais (TEIXEIRA et al.,, 2014). Em condigbes ambientais, aproximadamente a
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25°C, Paracoccidioides spp. apresenta-se na fase filamentosa, produzindo hifas e
conidios com 2 a 5 ym de didmetro, considerados os principais propagulos infectantes
(MENDES et al., 2017). Apés a inalagéao pelo hospedeiro, em temperatura corporal
entre 35 e 37 °C, ocorre a conversdo para a fase leveduriforme, nessa fase,
observam-se células ovais, esféricas ou elipticas, com paredes birrefringentes e
multiplos brotamentos laterais; as células-m&e medem de 20 a 30 ym de diametro e
podem originar 10 a 12 células-filhas de 2 a 10 ym (MENDES et al., 2017).

O habitat natural de Paracoccidioides spp. ainda ndo esta completamente
definido, embora o solo seja considerado seu provavel nicho ecolégico (RESTREPO,
1985). O isolamento direto da forma saprdébia, entretanto, permanece dificil, tendo
sido obtido apenas esporadicamente na Argentina, na Venezuela e no Brasil
(NEGRONI et al., 1966; DE ALBORNOZ, 1971; SILVA-VERGARA et al., 1998). Em
geral, as tentativas de isolamento e reisolamento permanecem pouco exitosas.

As formas saprébias de Paracoccidioides spp. parecem estar associadas a
condigdes ambientais especificas, incluindo areas com vegetacdo submetida a
perturbagdes naturais ou antrépicas e proximidade de fontes de agua (RESTREPO;
MCEWEN; CASTANEDA, 2001). Além disso, condi¢gdes geoldgicas e climaticas
favoraveis, associadas a alta precipitacdo e a atividades agricolas que promovem
revolvimento do solo, podem favorecer tanto a permanéncia do fungo no ambiente
quanto a exposicdo de hospedeiros suscetiveis, contribuindo para maior
endemicidade da PCM em determinadas areas (MENDES et al., 2017; RODRIGUES-
VENDRAMINI et al., 2019).

Apos a inalagéao de fragmentos miceliais ou conidios depositados nos alvéolos
pulmonares, o fungo converte-se a fase leveduriforme em resposta a temperatura do

hospedeiro (FRANCO, 1987). A partir desse evento, podem ocorrer trés desfechos
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principais: eliminagdo do patégeno sem manifestagdo clinica; desenvolvimento de
doenga aguda ou subaguda, geralmente com disseminagéao sistémica; ou eliminagao
parcial, com persisténcia de focos quiescentes que podem reativar-se posteriormente,
culminando em doenga cronica localizada ou disseminada (FRANCO, 1987; CHAVES

et al., 2021).

2.4 Diagnostico Laboratorial da Infeccéo por Paracoccidioides spp.

O diagnéstico da PCM pode ser realizado por diferentes métodos, incluindo
exame micologico direto, cultura microbioldgica, histopatologia, sorologia e técnicas
moleculares (SCHECHTMAN; AZULAY, 2022). A visualizagdo e o reconhecimento do
agente em secregdes ou tecidos, assim como o isolamento em cultivo, permanecem
como referéncias diagnosticas importantes. Para essas analises, o material pode ser
obtido por raspado, curetagem, bisturi ou microbidpsia, sendo posteriormente
depositado em lamina, clarificado com KOH a 40%, recoberto com laminula,
macerado suavemente e examinado em microscopia oOptica (SCHECHTMAN;
AZULAY, 2022).

Entre os métodos moleculares, a reagdo em cadeia da polimerase destaca-se
por possibilitar detecgéo rapida e especifica de material genético de Paracoccidioides
spp. Entre os principais alvos empregados estdo regides conservadas do DNA
ribossbmico, como os genes 18S, 5.8S e 28S, além dos espagadores internos
transcritos ITS1 e ITS2, amplamente utilizados para identificacdo de P. brasiliensis
(SANO et al., 2001; ENDO et al., 2004; TEIXEIRA et al., 2014). Também podem ser
utilizadas sequéncias de genes codificadores de proteinas espécie-especificas, como

gp43 e gp27 para P. brasiliensis, ARF para P. americana e HSP70 para P. lutzii (DE
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MACEDO et al., 2019).

No diagndstico sorologico, diferentes metodologias podem ser empregadas
para detecg¢ao de anticorpos ou antigenos fungicos, entre elas a imunodifus&o dupla,
o ELISA e o western blotting. O desenvolvimento do imunodiagnéstico da PCM teve
inicio com a padronizacdo de polissacarideos extraidos de culturas de P. brasiliensis,
e posteriormente, o exoantigeno obtido a partir de cultivos da cepa B-339 foi
reconhecido como adequado para ensaios de imunodifusdo, devido a elevada
reatividade com anticorpos presentes em soros de individuos acometidos pela micose
(PUCCIA et al., 1986; CAMARGO et al., 1988; MENDES-GIANNINI et al., 1990). Entre
os antigenos secretados, destaca-se a glicoproteina de 43 kDa, gp43, considerada o
principal antigeno imunodominante da espécie (SOUZA et al., 1997).

Atualmente, a imunodifusdo dupla em gel de agarose permanece entre os
meétodos soroldgicos mais empregados no diagnodstico da PCM, em raz&o de sua
simplicidade operacional, baixo custo e boa acuracia diagnostica, apresentando
sensibilidade superior a 80% e especificidade acima de 90%, embora reacdes
cruzadas possam ocorrer (ALMEIDA, 2018). Além de sua aplicagado no diagndéstico
inicial, o método pode ser utilizado no acompanhamento terapéutico, uma vez que a
reducao dos titulos de anticorpos ao longo do tratamento pode indicar resposta clinica
favoravel (ALMEIDA, 2018).

Na imunodifusdo dupla, antigenos e anticorpos difundem-se radialmente em
meio gelificado até atingirem a zona de equivaléncia, na qual se formam
imunocomplexos insoluveis visualizados como linhas de precipitacio. A interpretacao
diagnostica baseia-se na identidade entre as linhas observadas no soro controle
positivo e aquelas verificadas no soro em analise, indicando a presenca de anticorpos

especificos contra o antigeno testado (VAZ; MACHADO; BUENO, 2018; ALMEIDA,
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2018).

2.5 Infeccdo Humana por Paracoccidioides spp.

Em humanos, atividades relacionadas ao manejo do solo, como agricultura,
terraplenagem, preparo do solo, jardinagem e transporte de produtos vegetais,
constituem os principais fatores de risco para a infecgado por Paracoccidioides spp.,
por promoverem exposi¢do ao provavel habitat do fungo, sobretudo em ambientes
rurais (SHIKANAI-YASUDA et al., 2018).

A doengca é menos frequente em mulheres adultas, fato classicamente
associado aos niveis enddgenos de estrogénio, capazes de inibir a transigdo do fungo
para a fase leveduriforme patogénica (STOVER et al., 1986; ARISTIZABAL et al.,
2002; SHANKAR et al., 2011). Assim, a razdo de acometimento em adultos é
estimada entre 10:1 e 15:1, em favor do sexo masculino (SHIKANAI-YASUDA et al.,
2018).

A infecgédo é adquirida, em geral, nas duas primeiras décadas de vida, com
pico entre 10 e 20 anos; contudo, apenas cerca de 10% dos casos evoluem para
doenca nessa faixa etaria; a maioria das manifestagdes clinicas ocorre em adultos de
30 a 50 anos, frequentemente em decorréncia da reativacdo de focos latentes
(SHIKANAI-YASUDA et al., 2018).

Do ponto de vista imunolégico, a resposta do hospedeiro pode variar
amplamente. Nas formas controladas, predomina resposta Th1, com ativacdo de
macrofagos, participagdo de linfécitos T CD4+ e, em menor grau, de T CD8+,
favorecendo a formagdo de granulomas organizados capazes de conter a

multiplicagdo fungica (HAHN et al., 2022). Em contraposi¢do, nas formas graves,
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disseminadas ou agudas/subagudas, observa-se predominio de resposta Th2
exacerbada, com aumento de IL-4, IL-5, IL-10 e TGF-, intensa ativacao de linfocitos
B, produgéao elevada de anticorpos especificos, especialmente IgE e IgG4, e formagéo
de granulomas mal organizados, o que favorece a progressao da doenga (HAHN et
al., 2022).

A classificacdo clinica mais utilizada baseia-se em dados demograficos,
evolugao natural e comprometimento de érgéos e sistemas, distinguindo-se as formas
aguda/subaguda e crénica (FRANCO, 1987). A forma aguda/subaguda, também
denominada juvenil, corresponde a 5% a 25% dos casos e acomete principalmente
criangas, adolescentes e adultos jovens. Caracteriza-se por rapida disseminagao,
com linfadenomegalia, manifestacdes digestivas, lesdes cutaneas, comprometimento
osteoarticular, febre, anorexia e perda de peso, sendo o comprometimento pulmonar
menos frequente (FRANCO, 1987).

A forma crbnica representa a maioria dos casos de PCM humana, com
frequéncia entre 74% e 96%, e acomete predominantemente homens entre 30 e 60
anos (SHIKANAI-YASUDA et al., 2018). Pode apresentar-se como forma unifocal,
geralmente pulmonar, ou multifocal, com acometimento de diferentes 6rgdos e
sistemas, como pulmdes, pele e glandulas adrenais (SCHECHTMAN; AZULAY,
2022). Nas manifestacbées menos graves da PCM, observa-se resposta imune Th1
parcialmente eficaz, capaz de promover formagao de estruturas granulomatosas,
embora com infiltracdo neutrofilica significativa e fagocitose incompleta das células
fungicas, mantendo equilibrio precario entre hospedeiro e patogeno (HAHN et al.,
2022).

Além da fase ativa, a PCM pode deixar sequelas anatémicas e funcionais

relevantes. As formas residuais podem comprometer pulmdes, pele, laringe, traqueia,
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glandulas adrenais, mucosa das vias aerodigestivas superiores, sistema nervoso
central e sistema linfatico, com impacto duradouro sobre a qualidade de vida dos
pacientes (SHIKANAI-YASUDA et al., 2018). Dessa forma, a PCM n&o se limita ao
periodo de infec¢ao ativa, podendo resultar em alteragées permanentes que justificam

acompanhamento clinico mesmo apods a conclusao do tratamento antifungico.

2.6 Infecgéo por Paracoccidioides spp. em Animais

Em areas endémicas de PCM, a infeccéo por Paracoccidioides spp. tém sido
relatada em diferentes espécies animais, incluindo animais silvestres, de produgao e
domésticos. Entre os animais silvestres, ha registros em morcegos, macacos-prego,
bugios, pequenos roedores, tatus, ourico e guaxinins (GROSE; TAMSITT, 1965;
BAGAGLI et al,, 1998; CORTE et al., 2007; RICHINI-PEREIRA et al., 2008;
SBEGHEN et al., 2015). Em animais de produc¢ao, foram descritas evidéncias de
infeccdo em galinhas, bovinos, suinos, coelhos, caprinos, ovinos, equinos e peixes
(SILVEIRA et al., 2008; OLIVEIRA et al., 2011; OLIVEIRA et al., 2012; FERREIRA et
al., 2013; BELITARDO et al.,, 2014a; BELITARDO et al., 2014b; DE SOUZA
SUGUIURA et al., 2020). Entre os animais domésticos, destacam-se relatos em caes
e gatos (MOS; FAVA-NETTO, 1974; ONO et al., 2001; OLIVEIRA et al., 2013).

A ocorréncia da infeccao em multiplas espécies reforca o carater ambiental da
exposicao ao agente etioldgico e evidencia a ampla interface entre o fungo, o solo e
os hospedeiros suscetiveis. Nesse contexto, os animais podem contribuir para a
compreensao da circulacdo ambiental de Paracoccidioides spp., sobretudo em
regidoes endémicas, nas quais fatores ecoldgicos, climaticos e antropicos favorecem

a permanéncia do fungo e a exposi¢cao de humanos e outros mamiferos.
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Entre os animais domésticos, os caes merecem atencao particular, uma vez
que compartilham com os seres humanos o ambiente domiciliar, peridomiciliar e,
frequentemente, o ambiente rural. Essa proximidade ecologica e comportamental
torna essa espécie especialmente relevante para estudos epidemioldgicos voltados a
identificacdo de areas de circulagdo do fungo e a compreensao da interface entre

exposi¢cao ambiental e infecgao.

2.7 Caes como Sentinelas Epidemiolégicos de Paracoccidioides spp.

A vigildancia sentinela baseia-se no monitoramento de subpopulacdes
especificas, constituindo uma estratégia capaz de ampliar a sensibilidade para
deteccdo de agravos e, simultaneamente, otimizar a relagdo custo-beneficio das
acgdes de vigilancia (BOWZER et al., 2018). Nesse contexto, os animais podem ser
utilizados como sentinelas para a identificacdo e o acompanhamento de diferentes
riscos a saude, atuando como indicadores bioldgicos relevantes da ocorréncia de
enfermidades em determinadas populagdes ou ambientes (BOWZER et al., 2018).

No ambito das doencas infecciosas, o conceito de animal sentinela refere-se
ao emprego desses organismos para indicar a presenga de patdégenos, detectar
surtos em novas areas, monitorar variagdes na prevaléncia e na incidéncia ao longo
do tempo e do espacgo, além de subsidiar a formulacdo de hipdteses epidemioldgicas,
a avaliagao da efetividade de medidas de controle e a investigagéo de fatores de risco
relacionados a dindmica de transmissdo em populacbes humanas e animais
(BOWZER; ANDERSON, 2018).

Os caes podem ocupar uma posi¢ao estratégica na epidemiologia da PCM,

uma vez que vivem em estreita associagdo com os seres humanos e, com frequéncia,
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compartilham os mesmos fatores de risco ambientais (CHEN et al., 2023). Em areas
rurais, esses animais mantém contato direto com solo, matéria organica, vegetagcao
e outros microambientes potencialmente favoraveis a permanéncia de
Paracoccidioides spp. Assim, a exposicao canina pode refletir a circulagcédo ambiental
desse agente em determinada regido, reforcando o potencial dos cdes como
sentinelas epidemiolégicos em estudos voltados a compreensédo da distribuicdo
espacial e ecologica da infeccdo (HEGEDUS et al.,, 2023). Nesse cenario,
investigagbes voltadas a populagdo canina tornam-se particularmente importantes
para ampliar a compreensao da distribuicdo de Paracoccidioides spp. no ambiente e

fortalecer estratégias integradas de vigilancia.

3. LEISHMANIOSE VISCERAL

3.1. Histdrico, epidemiologia e biologia de L. infantum

A Leishmaniose Visceral (LV) € uma doenga endémica em mais de 70 paises,
distribuidos em todos os continentes exceto na Antartida e na Australia, afetando uma
populagdo em risco estimada em 200 milhdes de individuos (BURZA, CROFT &
BOELAERT, 2018). A taxa de incidéncia de leishmaniose visceral (LV) nas Américas
foi de 2,96 casos por 100.000 habitantes quando considerada a populacao residente
em areas de transmissdo, e de 0,47 casos por 100.000 habitantes quando
considerada a populagao total (OPAS, 2020).

Em escala latino-americana, o Brasil permanece como o principal territério
endémico para a doenca, concentrando aproximadamente 97% das notificacdes

registradas em 2019 (OPAS, 2020). No contexto nacional, observa-se uma expansao
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consistente da Leishmaniose Visceral, com ocorréncia de Leishmaniose Visceral
Canina (LVC) em 25 dos 27 estados e confirmacdo de casos autéctones de
Leishmaniose Visceral Humana (LVH) em 23 unidades federativas BRASIL, 2019).
Entre 2007 e 2024, foram registrados no Brasil 50.372 casos da doenga, com 3.944
obitos, resultando em uma taxa de letalidade de 7,03% (BRASIL, 2024). Quanto a
distribuicdo por sexo, observou-se predominancia de casos no sexo masculino, que
concentrou 64,54% das notificacdes, enquanto o sexo feminino representou 35,46%
(BRASIL, 2024).

A LV é predominantemente causada por duas espécies do parasito, com
distribuicdo geografica distinta: Leishmania donovani e Leishmania infantum no
Hemisfério Oriental, e Leishmania infantum chagasi no Hemisfério Ocidental (CDC,
2025). A L. infantum é considerada provavelmente uma espécie introduzida no Brasil,
inicialmente estabelecida na regido Nordeste por meio de caes trazidos de Portugal
e Espanha (KILLICK-KENDRICK et al., 1980). Entre as décadas de 1920 e 1980, a
Leishmaniose Visceral permaneceu endémica em areas rurais dessa regiao;
entretanto, a partir dos anos 1980, observou-se sua expansao para centros urbanos
e periurbanos de outras partes do pais, e na década seguinte, novos surtos foram
notificados, sobretudo nas regides Sudeste e Centro-Oeste (PASQUALI et al., 2019).

Na regido Sul do Brasil, os primeiros registros de LV ocorreram no Rio Grande
do Sul em 2006 (LVC) e 2008 (LVH) e Santa Catarina em 2011 (PASQUALI et al.,
2019). No estado do Parana, a presencga dos vetores flebotomineos (SANTOS et al.,
2012) e casos caninos de leishmaniose visceral (LVC) (DIAS et al., 2013) foram
detectados pela primeira vez em 2012, seguidos pela confirmagéo dos primeiros
casos autoctones de leishmaniose visceral humana (LVH) em 2016 (TRENCH et al.,

2016), ambos ocorrendo no municipio de Foz do Iguagu.
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Os vetores flebotomineos responsaveis pela transmissdo de L. infantum
pertencem principalmente aos géneros Phlebotomus, distribuido na Europa, Africa e
Asia, e Lutzomyia, presente no continente americano (DI-BLASI et al., 2019). A
infeccdo do vetor ocorre durante o repasto sanguineo realizado pela fémea em
hospedeiros vertebrados parasitados, ocasi&do em que sao ingeridos macréfagos
contendo formas amastigotas da Leishmania (LAINSON, 2005). No trato digestoério
do inseto, essas formas intracelulares, inicialmente arredondadas, aflageladas e
imoéveis, diferenciam-se em promastigotas flageladas e moveis, que passam por
intensa multiplicagdo e migram em dire¢ao a regido anterior do intestino médio, onde
se tornam promastigotas metaciclicos altamente infectantes para mamiferos e séo
inoculados durante subsequentes repastos sanguineos realizados pelo vetor
(LAINSON, 2005).

A Leishmania depende de hospedeiros mamiferos para completar seu ciclo de
vida e tem como principal hospedeiro reservatério os caes domésticos (ciclo animal-
flebotomineo-humano) (SCARPINI et al., 2022). Apés o repasto sanguineo, os
promastigotas metaciclicos de L. infantum inoculados no hospedeiro séo fagocitados
por macréfagos caninos, nos quais iniciam a diferenciagcdo em amastigotas, que se
multiplicam intracelularmente (MORALES-YUSTE, MARTIN-SANCHEZ & CORPAS-
LOPEZ, 2022).

Embora os cées sejam reconhecidos como os principais reservatérios de L.
infantum, o parasito também ja foi detectado em outras espécies animais, incluindo
gatos (MARTIN-SANCHEZ et al., 2007), coelhos, lebres e diferentes roedores
silvestres (CARRILLO, MORENO & CRUZ, 2013; DIAZ-SAEZ et al., 2014). Além
disso, ha registros da infecgdo em diversos mamiferos selvagens, como lobos (Canis

lupus), raposas (Vulpes vulpes), chacais (Canis aureus) e genetas (Genetta genetta),
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evidenciando a ampla gama de hospedeiros envolvidos na manutengéo do ciclo do

parasito na natureza (QUINNELL & COURTENAY, 2009).

3.2. Infecgao por L. infantum: manifestagdes clinicas e resposta imune

A LV em humanos apresenta um quadro clinico caracteristico, marcado por
febre prolongada, emagrecimento progressivo e comprometimento hepatoesplénico -
com esplenomegalia geralmente mais acentuada que a hepatomegalia; pancitopenia
(compreendendo anemia, leucopenia e trombocitopenia), além de disturbios proteicos
como hipoalbuminemia, hipergamaglobulinemia e elevagcdo das proteinas totais
(CDC, 2025). Entre as manifesta¢des secundarias da doenga destacam-se alteragdes
respiratorias e gastrointestinais, incluindo episédios de vémitos e diarreia (OPAS,
2025). Em quadros mais avangados, pode haver comprometimento nutricional e
edema de membros inferiores, petéquias, ictericia, ascite e hemorragias, que podem
ser fatais, além de poder estar associado a infec¢des bacterianas (OPAS, 2025).

Em caes, os parasitas sdo capazes de evadir a resposta imune inata por meio
da modificagao do vacuolo parasitéforo, interferindo nos mecanismos de sinalizagao
intracelular dos macrofagos em favor de sua prépria sobrevivéncia (KOUTINAS &
KOUTINAS, 2014). A medida que ocorre aumento significativo da carga parasitaria,
ha lise dessas células hospedeiras, resultando na liberagdo de amastigotas, que
passam a ser fagocitadas por outras células do sistema fagocitico mononuclear, com
predominio nos compartimentos sanguineo e em 6rgaos como figado, bago e medula
ossea (KOUTINAS & KOUTINAS, 2014).

Nas infec¢gdes por Leishmania, tanto em humanos quanto em caes, €

comumente observada a ativagdo concomitante de mecanismos imunes celulares e
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humorais, caracterizando uma resposta imune mista, que resulta na produgao
simultanea de citocinas associadas aos perfis Th1 e Th2, cujo balango dinamico &
determinante para o desfecho da infec¢cdo, de modo que sua desregulagcdo pode
culminar tanto no controle do parasita quanto na progressao da doenga (CARRILLO

& MORENO, 2009).

3.3 Diagnostico imunolégico de Leishmaniose Visceral

O imunodiagnéstico da leishmaniose baseia-se principalmente na detecgao de
antigenos do parasito ou de anticorpos especificos anti-Leishmania em amostras
bioldgicas, entre os quais se destacam: (i) o teste de imunofluorescéncia indireta (IFl);
(i) o ensaio imunoenzimatico (ELISA); (iii) o Western blot; (iv) o teste de aglutinagao
direta (TAD); (v) os testes imunocromatograficos em tira (TIC), amplamente utilizados
em diagnosticos rapidos; e (vi) o teste de aglutinagédo em latex (KAtex) (REIMAO et
al., 2020; OPAS, 2025).

No diagndstico da leishmaniose visceral, o antigeno rK39 é amplamente
utilizado em testes sorologicos. Esse antigeno corresponde a um peptideo derivado
de uma proteina relacionada a cinesina, composto por uma sequéncia repetitiva de

39 aminoacidos de Leishmania infantum (REIMAO et al., 2020).

3.4 Sobreposicao entre L. infantum e P. brasiliensis em Caes

Nos caes, L. infantum estabelece infec¢ao intracelular em macréfagos, com

multiplicagdo amastigota e disseminagdo para orgaos do sistema fagocitico

mononuclear, como figado, bago e medula éssea, além de modular a resposta imune
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inata, favorecendo sua sobrevivéncia e persisténcia no hospedeiro (KOUTINAS;
KOUTINAS, 2014). De modo geral, as infecgbes por Leishmania caracterizam-se por
resposta imune mista, envolvendo mecanismos celulares e humorais, cujo equilibrio
entre perfis Th1 e Th2 influencia diretamente o desfecho da infecgcdo (CARRILLO;
MORENO, 2009). Essa complexidade imunolégica é particularmente importante ao
se considerar a possivel interacdo com outros agentes infecciosos, incluindo fungos
sistémicos como Paracoccidioides spp.

Silveira et al. (2006), em investigacdo conduzida no Mato Grosso do Sul,
observaram maior reatividade aos antigenos de P. brasiliensis em caes soropositivos
para LVC quando comparados a caes soronegativos para L. infantum. Segundo os
autores, esse achado pode refletir tanto a possibilidade de reatividade cruzada entre
antigenos dos dois patdégenos quanto a ocorréncia de coinfeccdo em animais da
regido. De modo semelhante, Petroni et al. (2017), ao analisarem soros de caes
positivos e negativos para L. infantum em municipios do estado de S&o Paulo,
verificaram forte correlagdo positiva entre a reatividade para L. infantum e P.
brasiliensis (r = 0,96), reforcando a possibilidade de associagado epidemioldgica ou
imunoldgica entre essas enfermidades em cées.

Embora os dados disponiveis ainda nao permitam definir de forma conclusiva
se essa associacao resulta predominantemente de reatividade cruzada, coinfeccéo
verdadeira ou compartilhamento de fatores ambientais de exposi¢céo, o conjunto de
evidéncias disponiveis demonstra que a relagéo entre esses agentes néo deve ser

negligenciada em investigacdes conduzidas com cées de areas endémicas.
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4 OBJETIVOS

4.1 GERAL

Avaliar o papel dos cédes na ecoepidemiologia de Paracoccidioides spp.,
integrando evidéncias da literatura cientifica e dados soroepidemioldgicos obtidos em

area de sobreposi¢cao endémica com Leishmania infantum.

4.2 ESPECIFICOS

e Analisar e integrar sistematicamente a literatura disponivel sobre infeccéo por
Paracoccidioides spp. e paracoccidioidomicose em caes;

e Avaliar a sororreatividade para Paracoccidioides spp. em caes positivos e
negativos para Leishmania infantum em Foz do Iguacu, Parana, Brasil;

e Descrever a distribuicdo espacial dos caes soropositivos para
Paracoccidioides spp. nas regides urbanas de Foz do Iguagu;

e Investigar a possivel associagcao epidemioldgica entre a soropositividade para

Paracoccidioides spp. e a infecgao por L. infantum em caes de area endémica.
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5 PRODUGAO CIENTIFICA

5.1 ARTIGO 1

Canine Paracoccidioidomycosis: A Systematic Review of Clinical, Serological, and

Experimental Evidence

Abstract

Paracoccidioidomycosis (PCM) is a systemic mycosis caused by thermodimorphic fungi of the
genus Paracoccidioides and remains a major public health problem in Latin America. While
the disease has been extensively investigated in humans, its occurrence, clinical relevance, and
epidemiological significance in animal hosts, particularly dogs, remain poorly understood. This
review systematically analyzes the available literature on Paracoccidioides spp. infection and
PCM in dogs, integrating evidence from experimental infection models, immunological
studies, seroepidemiological surveys, and naturally occurring clinical cases. A total of 19
studies met the inclusion criteria, comprising nine seroepidemiological investigations, five case
reports of naturally infected dogs, four experimental infection studies, and one immunological
study. The findings indicate that dogs are frequently exposed to Paracoccidioides spp. in
endemic regions, as demonstrated by consistently high serological reactivity, especially in rural
and peri-rural environments. However, progression to clinically overt PCM appears to be rare,
suggesting that most dogs effectively control infection through immune response.
Experimental studies support biological susceptibility while highlighting heterogeneous
outcomes ranging from acute fatal disease to complete immune-mediated clearance. Case
reports confirm that dogs can develop systemic, cutaneous, and mucocutaneous forms of PCM
that closely resemble human disease. Collectively, the evidence supports the role of dogs as
accidental hosts and valuable sentinels of environmental fungal circulation rather than primary
reservoirs. From a One Health perspective, canine surveillance may contribute to
understanding the ecology, geographic distribution, and epidemiological dynamics of
Paracoccidioides spp., underscoring the need for species-adapted diagnostic tools and further

integrative research.

Keywords: Paracoccidioidomycosis; Paracoccidioides spp.; Dogs; Canine infection;
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Seroepidemiology; Experimental infection; One Health

1. Introduction

Paracoccidioidomycosis (PCM) is a systemic fungal disease caused by
thermodimorphic species of the genus Paracoccidioides (Pecanha, 2022). The disease is
endemic in several Latin American Countries, with Brazil accounting for most of reported
human cases, where PCM remains a major cause of morbidity and mortality among systemic
mycoses (Martinez, 2017).

After inhalation of fungal propagules from the environment, some individuals develop
PCM infection, characterized by the absence of clinical signs and effective immune control of
the fungus, and others progress to PCM disease, which may manifest as acute, subacute, or
chronic forms with localized or disseminated involvement of multiple organs and tissues
(Venturini et al, 2026).

Among non-human mammals, armadillos have been consistently implicated as natural
reservoirs of Paracoccidioides spp., harboring the fungus at high frequencies in endemic areas
(Krycyk et al., 2018). In contrast, the role of domestic animals, particularly dogs, in the
epidemiology of PCM remains poorly understood. Dogs share close contact with humans and
are frequently exposed to soil and organic matter, especially in rural and peri-urban
environments, making them plausible indicators of environmental fungal presence (Ferguson
et al., 2024). Early investigations in dogs revealed high rates of serological reactivity to
Paracoccidioides antigens (Mos & Fava Netto, 1974; Ono et al., 2001), suggesting widespread
exposure.

Given the fragmented and heterogeneous nature of the available literature, a
comprehensive synthesis of experimental, seroepidemiological, and clinical evidence is
necessary to clarify the relevance of canine infection by Paracoccidioides spp. Such an

approach is particularly important within a One Health framework, in which animal data may
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contribute to understanding environmental fungal circulation and human disease risk (Lebov
etal., 2017; Ferguson et al., 2024). Therefore, the objective of this review was to systematically
analyze and integrate the available literature on Paracoccidioides spp. infection and PCM in
dogs, encompassing experimental infection models, immunological studies,

seroepidemiological surveys, and naturally occurring clinical cases.

2. Materials and Methods

2.1. Literature review design

A bibliographic review was conducted to identify and synthesize scientific evidence
regarding natural and experimental infection by Paracoccidioides spp. and PCM in dogs. The
review aimed to summarize clinical, pathological, immunological, and epidemiological aspects
of canine infection, as well as experimental models used to investigate host—pathogen
interactions.

A comprehensive literature search was performed in PubMed/MEDLINE, Scopus, Web
of Science, SciELO, and Google Scholar. Search was conducted using combinations of
controlled vocabulary and free-text terms related to Paracoccidioides infection in dogs. The
main keywords included: “Paracoccidioides”, “paracoccidioidomycosis”, “canine”, “dog”,

“experimental infection”, “animal model”, and “domestic animals”. Boolean operators

(“AND”, “OR”) were applied to refine the search strategy.

2.2. Eligibility criteria
Eligible publications included original research articles, case reports, case series, and
experimental studies published in English, Portuguese, or Spanish. Studies were included if

they met at least one of the following criteria:
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(1) reports of natural infection or clinical paracoccidioidomycosis in dogs;

(i1) experimental studies involving controlled infection of dogs with Paracoccidioides
spp.; and

(ii1) studies describing diagnostic, clinical, pathological, immunological, or molecular
aspects of infection.

Exclusion criteria comprised: (i) studies not indexed in the scientific databases selected
as eligibility criteria for the bibliographic review; (ii) studies involving animal species other
than dogs without specific canine data; (iii) review articles, conference abstracts, editorials,

and letters to the editor; and (iv) studies lacking sufficient methodological or diagnostic detail.

2.3. Data extraction and analysis

Data were systematically extracted from the selected studies using a standardized data
collection form. The following information was recorded: year of publication, country, study
type, number of animals evaluated, diagnostic methods employed, clinical manifestations and
main findings. The extracted data were qualitatively synthesized and descriptively analyzed.
Given the limited number of reported cases and the heterogeneity of study designs, a meta-
analysis was not performed. The methodological quality of the included studies was assessed
based on study design, diagnostic criteria, and completeness of reported data. Limitations
related to publication bias, underreporting, and the scarcity of available studies were considered

during interpretation of the findings.

3. Results and discussion

A systematic review of the literature identified 19 studies investigating Paracoccidioides
spp. infection and PCM in dogs. Of these, nine were seroepidemiologic studies, four described

naturally occurring clinical cases, four evaluated experimental infection models, and one
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investigated immunological aspects of infection. One additional publication corresponded to a

case report but was excluded according to the predefined eligibility criteria (Figure 1).
This distribution highlights both the predominance of serological approaches and the
relative scarcity of confirmed clinical cases and experimental investigations in canine hosts.

1974
Mos & Fava-Netto

1911 : . : 2001 2003
Seroepidemiologic
Pereira & Vianna — ¢ P gic) e Ono et al. —_—> Ono et al.
(Experimental infection) . . (Seroepidemiologic) (Experimental infection)
Mos, Saliba & Brito
(Experimental infection)
2004
Eisele et al. 2006 2009 2010
Experimental infection)
(Exp — Silveira et al. — Bianchini et al. —> Fontana et al.
L (Seroepidemiologic) (Immunological study) (Seroepidemiologic)
Ricei et al.
(Case report)
2017
Mendes et al.
2011 2012 2016 (Seroepidemiologic)
Rodrigues de Farias et al. e Corte et al. e Teles et al. e Petroni et al.
(Case report) (Seroepidemiologic) (Seroepidemiologic) (Seroepidemiologic)
Headley et al.
(Case report)
2021 2024
Cermeno et al. — de Souza Suguiura et al.
(Seroepidemiologic) (Case report)

Figure 1. Timeline of Scientific Evidence on Paracoccidioides spp. Infection and Paracoccidioidomycosis in
Dogs (1911-2024). Chronological distribution of studies identified in the systematic review, including
experimental infection models, seroepidemiologic surveys, immunological investigations, and reports of naturally
occurring canine PCM published between 1911 and 2024. The timeline illustrates the progressive development
of knowledge regarding canine exposure, immune response, infection, and clinical disease associated with
Paracoccidioides spp.

The literature review demonstrated that canine exposure to Paracoccidioides spp. has
been reported in different endemic regions of South America, with serological evidence
predominantly concentrated in Brazil and isolated reports in Venezuela (Figure 2).
Seropositivity rates varied markedly among studies, ranging from 7% to 89%, depending on
geographic region, diagnostic method, and sampled population. Higher seroprevalence values
were observed in rural environments, particularly in early investigations conducted in endemic

Brazilian areas, whereas lower frequencies were reported in urban canine populations.
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Confirmed cases of canine PCM were exclusively described in Brazil and were geographically
concentrated in southern and southeastern states, reinforcing the association between

environmental fungal circulation and occurrence of clinical disease.
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Figure 2. Geographic distribution of studies reporting dogs seropositive for anti-Paracoccidioides
antibodies and confirmed cases of canine paracoccidioidomycosis in South America, based on published
literature. Black circles indicate seroepidemiologic studies, while red triangles represent reports of confirmed
canine paracoccidioidomycosis. Pie charts show the proportion of seropositive and seronegative animals reported
in each study, with black indicating Paracoccidioides brasiliensis seropositivity, blue indicating Paracoccidioides
lutzii seropositivity, and gray indicating negative samples. Red dog icons indicate individual reports of confirmed
clinical disease.
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The main characteristics and findings of the selected studies are summarized in Table
1, providing an integrated overview of the available evidence regarding occurrence, clinical
manifestations, diagnostic approaches, and the epidemiological relevance of Paracoccidioides

infection in dogs.
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Table 1. Epidemiological, clinical, and diagnostic features of Paracoccidioides spp. infection in dogs reported in the literature.

Author(s) / Year Country Type Sample Diagnostic approach Clinical manifestations Main findings
Pereira & Vianna, 1911 Brazil EI 1 dog Histopathology System%c dls.ease with First report of blastomycosis (later recognized as PCM) in a dog.
pyogenic lesions
CFT, precipitation, . . e . .
Mos & Fava-Netto, 1974 Brazil SE 145 dogs histopathological, microscopy,  Asymptomatic ilgilsic;reoreactlvny to P. brasiliensis, suggesting environmental
culture p
Més, Saliba & Brito, 1974 Brazil EI 14 dogs C-FT, prec1p1te_1t10n, _ Asymptomatic Tr.answnt local infection gnd complemeqt-ﬁxmg antlbpdy production,
histopathological, microscopy with spontaneous resolution despite persistent serological response
Ono et al., 2001 Brazil SE 305 dogs DID, ELISA, skin test Not assessed Ev1d§nge Of exposure to Paracoccidioides sp. in dogs, suggesting
subclinical infection.
Ono et al., 2003 Brazil EI 4 dogs ELISA, skin test, clinical exam, Asymptomatic Confirmed susc.eptlblhty qf dogs and antlbpdy productlpn with
histopathology granulomatous inflammation and P. brasiliensis found in all organs
. . DID, ELISA, skin test, clinical . . L
Eisele et al., 2004 Brazil EI 6 dogs . Lymphadenomegaly Immune response profile of dogs infected with P. brasiliensis
exam, histopathology
Histopathology,
Ricci et al., 2004 Brazil CR 1 dog Immunohistochemistry, nested Cervical lymphadenomegaly  First report of naturally acquired canine PCM.
PCR
Silveira et al., 2006 Brazil SE 836 dogs DID, ELISA, clinical exam Discreet signs of illness lse ?Eﬁﬁiﬁi;ﬂdence of Paracoccidioides sp. infection in dogs with
Bianchini et al., 2009 Brazil M 27 canine sera  Alternative hemolytic activity Not applicable Dog alternative complement pathway activation by P. brasiliensis.
. ELISA, skin test, clinical exam, . Evidence of exposure to Paracoccidioides sp. in dogs, suggesting
Fontana et al., 2010 Brazil SE 275 dogs histopathology Asymptomatic natural resistance to develop PCM.
Culture, histopathology, ﬁgﬁﬁiﬁgﬁgﬁ:giy aéll(iil d
Rodrigues de Farias et al., . immunohistochemistry, patosp gary. Second report of naturally acquired PCM, highlighted lymphatic
Brazil CR 1 dog . .. bronchial lung pattern, . . .
2011 molecular sequencing, clinical . . L involvement as a key manifestation.
increase in mediastinal
exam . .
radiopacity
Corte et al., 2012 Brazil SE 126 dogs DID, Indirect ELISA Asymptomatic First survey carried out with dogs from the Western Brazilian Amazon.
Teles et al., 2016 Brazil SE 196 dogs Indirect ELISA Asymptomatic Demonstrated subclinical exposure to Paracoccidioides sp.
Mendes et al., 2017 Brazil SE 196 dogs ELISA Not assessed glrras;iieport of Paracoccidioides lutzii infection in dogs in southern
Petroni et al., 2017 Brazil SE 300 dogs DID, Western blotting Assomatgd Wlth clinical ngh.posn‘lve correlqtlon betweep ]?osmwty for L. mfgntum and P.
leishmaniasis brasiliensis, suggesting an association between these infections
Headley et al., 2017 Brazil CR 1 dog Cytology, mycology, DID, . Dermatitis and lymphadenitis Third report of clinical PCM in dog, detailed pathological description of
western blot, molecular analysis cutaneous and lymph node involvement.
Appetite and weight loss,
Cermeno et al., 2021 Venezuela SE 200 dogs DID nasal discharge, itching, Evidence of exposure to Paracoccidioides sp. in dogs in Venezuela.
diarrhea, fever, and vomiting
de Souza Suguiura et al., 2024  Brazil CR 1 dog Histopathology, culture, Chronic systemic disease Atypical chronic PCM caused by P. brasiliensis complex species.

molecular identification

EI: Experimental Infection
SE: Seroepidemiologic

CR: Case Report

IM: Immunological study
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3.1. Experimental Infection and Immunological Studies of Paracoccidioides spp. in

Dogs

Experimental studies evaluating canine susceptibility to Paracoccidioides spp. reveal a
complex relationship between fungal exposure, development of disease, and host immune
response. The earliest report by Pereira and Vianna (1911) provided historical evidence that
dogs are biologically susceptible to P. brasiliensis, as inoculation of purulent material obtained
from a human lesion resulted in rapid clinical deterioration and death within 22 days. However,
because the inoculum consisted of non-standardized clinical material, this study has limited
comparability with later experimental models and should be interpreted mainly as proof of
biological plausibility rather than as a controlled reproduction of canine PCM.

In contrast, Mos et al. (1974) used a more defined experimental approach, inoculating
14 seronegative dogs via the testicular route with the cerebriform variant of P. brasiliensis. In
this model, the fungus and characteristic lesions were detected by direct microscopy and
histopathology from the 3rd to the 20th day after inoculation, indicating local establishment of
infection. Nevertheless, the infection appeared to resolve spontaneously, despite increasing
complement-fixation antibody titers up to 90 days after inoculation. Notably, all animals
became positive by complement fixation, whereas no antibodies were detected by precipitation
tests, suggesting that serological response varied according to the method used and that
antibody detection did not necessarily correlate with progressive disease.

The experimental study by Ono et al. (2003) provides important evidence that dogs are
susceptible to P. brasiliensis infection, but that the outcome of exposure may vary markedly
among individuals. In this intravenous infection model, two of four puppies died one week after
inoculation and showed severe disseminated infection. Although macroscopic lesions were
mainly observed in the lungs, histopathological analysis using HE and Grocott staining

demonstrated granulomatous inflammation and typical multibudding yeast cells of P.
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brasiliensis in the lungs, spleen, and liver, with a particularly high fungal burden in the
pulmonary tissue. The recovery of viable P. brasiliensis from all evaluated organs further
confirmed active systemic infection. These findings indicate that intravenous inoculation can
overcome early host barriers and lead to rapid fungal dissemination, especially in young
animals, suggesting that age, inoculation route, and isolate virulence may strongly influence
disease progression. In contrast, the two surviving dogs did not develop clinical signs
compatible with PCM, such as fever, weight loss, or anorexia, and showed no macroscopic or
microscopic lesions at one and five months post-inoculation. Moreover, fungal culture from the
lungs, spleen, and liver was negative at these later time points. Despite the absence of active
disease, both animals developed measurable immune responses. The positive gp43 skin tests,
with indurations of 18 and 11 mm, and the intense inflammatory infiltrate composed of
mononuclear and polymorphonuclear cells suggest the activation of a cellular immune
response. In parallel, ELISA detected anti-gp43 antibodies after infection, with one dog
showing titers of 1:100, 1:200, and 1:100 at 2, 3, and 4 weeks post-inoculation, respectively,
and the other showing titers of 1:100, 1:400, 1:200, and 1:100 at 2, 3, 4, and 8 weeks post-
infection, respectively. The transient nature of these antibody titers, together with the absence
of lesions and negative cultures at later stages, suggests that serological response in dogs may
reflect exposure and immune activation rather than persistent infection. The divergent outcomes
observed in the same experimental model are particularly relevant for interpreting canine PCM.
While two animals developed fatal disseminated disease, the other two appeared to control the
infection effectively. This supports the hypothesis that dogs may range from highly susceptible
hosts under specific experimental conditions to naturally resistant animals capable of limiting
fungal persistence.

Eisele et al. (2004) provided further evidence supporting the dissociation between

infection, clinical disease, and immune response. Young dogs experimentally infected
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intravenously with P. brasiliensis developed detectable humoral and cellular immune
responses, as demonstrated by ELISA for IgM and IgG anti-gp43 antibodies, doble
immunodiffusion (DID), and gp43 skin testing. IgM and IgG responses peaked in the first and
second months after infection, respectively, and most infected dogs became positive by DID
and skin testing. However, histopathological examination with H&E and Grocott stains failed
to demonstrate fungal elements in tissues, and fungal isolation attempts were unsuccessful
throughout follow-up. These findings suggest that dogs can mount measurable immune
responses after experimental exposure without developing persistent lesions or recoverable
infection. Therefore, serological positivity in experimental canine PCM should be interpreted
cautiously: it may indicate exposure, antigenic stimulation, or transient infection rather than
active disease.

The findings of Bianchini et al. (2009), showing activation of the canine alternative
complement pathway by P. brasiliensis, provide a mechanistic explanation for these
observations, suggesting that innate immune responses may contribute to fungal containment
and spontaneous resolution in dogs. Overall, experimental evidence supports that dogs are
susceptible to Paracoccidioides infection, but they often appear capable of controlling fungal
progression, resulting in a spectrum that ranges from acute disseminated disease to subclinical
infection characterized primarily by serological conversion.

Taking together, these studies indicate that the experimental outcome in dogs is strongly
influenced by the nature of the inoculum, inoculation route, age of the animals, and diagnostic
strategy employed. Direct microscopy, histopathology, and fungal culture provide stronger
evidence of active infection and tissue involvement, whereas serological assays quantify host
immune recognition but do not necessarily reflect disease severity or fungal persistence.
Complement fixation, precipitation tests, DID, ELISA, and gp43 skin testing yielded different

patterns of positivity across studies, highlighting that immune response is method-dependent
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and may vary over time after inoculation.

3.2. Seroepidemiologic studies of Paracoccidioides spp. in dogs

The seroepidemiologic studies included in this review showed marked variation in
canine seropositivity, with ELISA-based assays generally yielding higher positivity rates than
DID. ELISA positivity ranged from 29% to 89%, with higher frequencies reported especially
in rural dogs, such as 89% in Ono et al. (2001) and 80% in Fontana et al. (2010). In contrast,
DID showed substantially lower positivity rates, ranging from 0% to 8%, including negative
results in Ono et al. (2001) and Corte et al. (2012), and low positivity in Silveira et al. (2006),
Petroni et al. (2017), and Cermeno et al. (2021). Although the higher ELISA reactivity may
reflect greater sensitivity for detecting exposure to Paracoccidioides spp., these results should
be interpreted with caution, as ELISA may be more susceptible to cross-reactivity with
antibodies generated against other fungal pathogens. Therefore, the discrepancy between
ELISA and DID suggests that ELISA may overestimate seropositivity in some contexts,
whereas DID, despite its lower sensitivity, may provide greater specificity for confirming

exposure or infection (Table 2).

Table 2 — Canine seropositivity for Paracoccidioides spp. in seroepidemiological studies

Author(s) / Year Sample Positivity
Mos & Fava-Netto, 1974 145 dogs CFT: 74,33% ¢ 78,12%
Ono et al., 2001 305 dogs ELISA: 89% Rural, 49% Suburban, 15% Urban / DID: 0%
Silveira et al., 2006 836 dogs ELISA: 68% / DID: 7%
Fontana et al., 2010 275 dogs ELISA: 80% Rural; 54% Urban
Corte et al., 2012 126 dogs ELISA: 55% / DID: 0%
Teles et al., 2016 196 dogs ELISA: 30%
Mendes et al., 2017 196 dogs ELISA: 29% P. brasiliensis, 11% P. brasiliensis + P. lutzii
Petroni et al., 2017 300 dogs DID: 7%
Cermeno et al., 2021 200 dogs DID: 8%
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The earliest survey by Mos and Fava-Netto (1974) evaluated 145 dogs from Sao Paulo
and Botucatu using complement fixation and tube precipitation tests. High positivity was
observed by complement fixation, reaching 74.3% in dogs from Sao Paulo and 78.1% in dogs
from Botucatu, whereas the precipitation test was positive in only one animal. However,
necropsy of 37 dogs with high antibody titers did not reveal lesions, fungal structures, or
positive cultures. These findings suggested, from the first serological surveys, that dogs may
develop detectable humoral responses after exposure to P. brasiliensis without necessarily
developing active or progressive disease.

Ono et al. (2001) introduced an important methodological advance by using ELISA to
detect antibodies against gp43, a major antigen of P. brasiliensis, in 305 dogs from urban,
suburban, and rural areas. The study demonstrated a clear environmental gradient, with
positivity of 14.8% in urban dogs, 48.8% in suburban dogs, and 89.5% in rural dogs.
Intradermal testing with gp43 also showed higher positivity in rural dogs than in suburban dogs.
Despite this high seroreactivity, culture and histopathological examination of selected animals
with high ELISA titers and strong skin test reactions failed to detect the fungus or compatible
lesions. The main contribution of this study was to support the use of dogs as epidemiological
markers of environmental exposure, while also reinforcing that seropositivity does not
necessarily correspond to active infection.

Silveira et al. (2006) expanded this discussion by evaluating antibodies against P.
brasiliensis in dogs seropositive and seronegative for leishmaniasis, using ELISA with gp43
and DID with exoantigen. The overall positivity was markedly higher by ELISA, reaching
67.8%, whereas immunodiffusion detected only 7.3% positive samples. Dogs positive for
leishmaniasis showed higher reactivity to P. brasiliensis antigens than leishmaniasis-negative
dogs, raising the possibility of co-exposure, co-infection, or serological cross-reactivity. This

study was particularly relevant because it highlighted that ELISA, although more sensitive, may
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overestimate exposure in some contexts, especially when antigenic preparations expose
carbohydrate-rich components that can be shared among different fungal or infectious agents.
In contrast, DID detected a much smaller proportion of positive animals, suggesting lower
sensitivity but greater specificity.

Fontana et al. (2009) further supported the environmental interpretation of canine
seropositivity by comparing urban and rural dogs from Uberaba, Minas Gerais, using ELISA
and intradermal testing with gp43. ELISA positivity was 53.6% among urban dogs and 80.5%
among rural dogs, again indicating greater exposure in rural environments. However,
intradermal test positivity was much lower among urban dogs, and neither culture nor
histopathology detected fungal elements or granulomatous lesions in euthanized animals. These
results were consistent with those of Ono et al. (2001), indicating that dogs may frequently
encounter Paracoccidioides spp. in endemic areas but often do not develop disease.

Corte et al. (2012) extended canine seroepidemiologic investigation to the Western
Brazilian Amazon, evaluating urban dogs from Monte Negro, Rondonia, by indirect ELISA
and DID. The study found 54.8% positivity by ELISA, whereas no samples were positive by
DID. This was the first survey of P. brasiliensis infection in dogs from the Western Brazilian
Amazon and suggested frequent canine exposure to fungal antigens in that region.

Teles et al. (2015) investigated stray and semi-domiciled dogs from Pelotas and Capao
do Ledo, Rio Grande do Sul, using indirect ELISA for anti-gp43 antibodies. Positivity was
detected in 29.6% of the animals, with no significant association with sex, age, or breed, and
seropositive dogs were identified in all evaluated neighborhoods. Compared with previous
ELISA-based studies, this lower positivity may reflect regional differences in fungal
distribution, animal exposure, antigenic composition, or cutoff definition. Nevertheless, the
detection of seropositive animals across different neighborhoods suggested widespread

environmental circulation of P. brasiliensis in southern Brazil.
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Mendes et al. (2017) investigate serological reactivity to Paracoccidioides spp. in
domestic and wild mammals from Rio Grande do Sul, including 196 dogs previously evaluated
for P. brasiliensis. Among dogs, 28.8% showed reactivity only in the assay interpreted as anti-
P. lutzii, while some animals also reacted to P. brasiliensis antigens. Although these findings
suggested the possible circulation of antigenically related Paracoccidioides species in southern
Brazil, they should be interpreted with caution. It is not possible to confirm that the animals
were infected with P. [utzii, since species-specific antigens capable of unequivocally
distinguishing P. lutzii from other members of the genus were not used. As highlighted by De
Souza Suguiura et al. (2025), different Paracoccidioides species share several antigenic
components recognized by host antibodies in ELISA and Western blot, and antigen recognition
patterns are not consistently species-specific. The main contribution of the study, therefore, lies
in highlighting the need to incorporate antigenic diversity, cross-reactivity, and molecular or
species-specific diagnostic approaches into seroepidemiologic studies of Paracoccidioides spp.

Petroni et al. (2017) revisited the association between canine leishmaniasis and P.
brasiliensis seroreactivity using immunodiffusion with exoantigen and Western blotting with
recombinant gp43. Among 300 dogs, DID positivity was 7.3%, and 86% of DID-positive
samples were also positive by Western blotting. This low percentage of positives by DID was
similar to that reported by Silveira et al. (2006), contrasting with the higher ELISA rates
observed in previous studies. The use of Western blotting as a complementary method
strengthened the evidence that at least part of the DID-positive samples represented specific
recognition of gp43, while also indicating that overlapping endemic areas for leishmaniasis and
PCM may influence serological findings.

Finally, Cermefio et al. (2021) broadened the geographic scope of canine
seroepidemiology by evaluating domestic dogs from Caroni, Bolivar State, Venezuela, using

DID to detect antibodies against Histoplasma capsulatum, Paracoccidioides spp., and the
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Sporothrix schenckii complex. Antibodies against Paracoccidioides spp. were detected in 7.0%
of dogs, while 1.0% reacted to both H. capsulatum and Paracoccidioides spp. Although the
positivity rate was lower than those reported in ELISA-based studies, the use of DID provided
evidence of exposure in a different endemic setting and highlighted the coexistence of multiple
dimorphic fungi in the same geographic area.

Overall, canine seroepidemiologic studies indicate frequent exposure to
Paracoccidioides spp. in endemic areas, particularly in rural environments. The recurrent
absence of fungal isolation, histopathological lesions, or clinical disease in seropositive animals
supports the hypothesis that dogs often develop measurable immune responses after
environmental exposure but may effectively control fungal progression. Therefore, dogs are
valuable sentinel animals for mapping the environmental circulation of Paracoccidioides spp.,
provided that serological findings are interpreted considering test specificity, antigenic
composition, possible cross-reactivity, and the distinction between exposure, infection, and

disease.

3.3. Case reports of natural Paracoccidioidomycosis in dogs

Reported cases studies of naturally acquired canine have been essential for redefining
the role of dogs in the epidemiology and pathogenesis of Paracoccidioides infection. Initially
regarded mainly as sentinel animals that develop serological evidence of exposure without
active disease, dogs are now recognized as potential hosts capable of developing clinical PCM
under specific conditions.

The first confirmed natural case, described by Ricci et al. (2004), demonstrated active
granulomatous lymphadenitis with abundant multibudding yeast cells, confirmed by
histopathology, immunohistochemistry, and nested PCR, providing definitive evidence that

canine infection can progress to disease. Subsequent reports expanded this clinical spectrum,
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showing systemic involvement with lymphadenomegaly, hepatosplenomegaly, and weight loss;
cutaneous manifestations associated with dermatitis and lymphadenitis; and, more recently,
chronic mucocutaneous-like disease with progressive nasal deformity. Together, these cases
indicate that canine PCM may resemble human disease in its systemic, lymphatic, cutaneous,
and mucosal presentations, while also revealing important diagnostic challenges related to
fungal isolation, molecular confirmation, antigenic variability, and heterogeneous humoral
responses, including recognition of antigens other than gp43. Therefore, case reports are
particularly valuable in this review because they bridge the gap between experimental
susceptibility, serological exposure in endemic areas, and the rare but clinically relevant
occurrence of active canine PCM.

Ricci et al. (2004) reported the first case of naturally acquired clinical PCM in a dog.
The identification of active granulomatous lymphadenitis with abundant multibudding yeast
cells, confirmed by histopathology, immunohistochemistry, and nested PCR, provided clear
evidence that dogs can develop clinical PCM. This finding challenged the prevailing view that
dogs act only as asymptomatic indicators of environmental exposure and showed that, under
certain conditions, they may develop disease manifestations similar to those observed in
humans.

Building on this first report, Rodrigues de Farias et al. (2011) described the second
confirmed case of naturally acquired PCM in a dog. The systemic involvement, characterized
by generalized lymphadenomegaly, hepatosplenomegaly, and marked weight loss, closely
resembled the human PCM. Recovery of P. brasiliensis from lymph node tissue and its
molecular characterization, showing high genetic similarity to human isolates, further support
the absence of strict host-specific lineages. The favorable response to long-term itraconazole

therapy also demonstrated that early recognition and appropriate antifungal treatment can result
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in successful clinical management. Accordingly, PCM should be considered in the differential
diagnosis of chronic lymphoproliferative disease in dogs from endemic regions.

Headley et al. (2017) expanded the recognized clinical spectrum of canine PCM by
documenting the first case of P. brasiliensis-associated dermatitis accompanied by
lymphadenitis. The use of a comprehensive diagnostic approach, integrating cytology, fungal
culture, serology, and molecular analysis, strengthened the etiological confirmation and
emphasized the diagnostic complexity of this mycosis. The presence of cutaneous lesions,
common in human PCM but previously unreported in dogs, highlights the capacity of the
fungus to disseminate beyond the mononuclear phagocyte system in canine hosts.

More recently, de Souza Suguiura et al. (2024) described an atypical and clinically
informative case of chronic canine PCM that further refined the current understanding of the
disease. The progressive nasal deformity closely resembled the classic mucocutaneous lesions
seen in human PCM, suggesting shared pathogenic mechanisms across hosts. Notably, the
humoral immune response was directed against gp70 rather than gp43, the major antigen
traditionally used for PCM diagnosis. Molecular analysis grouped the isolate within the P.
brasiliensis complex, reinforcing the genetic diversity of circulating strains. Collectively, these
findings highlight the heterogeneity of clinical and immunological presentations in canine PCM
and underscore the need for species-adapted diagnostic strategies to improve detection and
understanding of this emerging veterinary mycosis.

These naturally acquired cases demonstrate that, although clinical PCM remains rare in
dogs, infection can progress to overt disease with diverse systemic, lymphatic, cutaneous, and
mucocutaneous manifestations. The variability observed among reported cases, particularly in
clinical presentation, antigen recognition, and diagnostic confirmation, suggests that canine
PCM may be influenced by both host-related factors and the biological diversity of

Paracoccidioides spp. These reports also reinforce that dogs should not be regarded solely as
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epidemiological sentinels of environmental exposure, but also as susceptible hosts in which
active disease may occasionally develop. Nevertheless, the small number of confirmed cases
and the heterogeneity of diagnostic approaches still limit a comprehensive characterization of

canine PCM.

4. Conclusion

This systematic review demonstrates that dogs are frequently exposed to
Paracoccidioides spp. in endemic regions, although reports of clinically overt PCM remain
scarce. The predominance of seroepidemiological studies over experimental investigations and
confirmed case reports reflects both the relative ease of detecting immunological sensitization
and the difficulty in documenting active disease in canine hosts. Collectively, experimental and
immunological studies provide strong evidence that dogs are biologically susceptible to
Paracoccidioides infection; however, most exposed animals appear capable of mounting
effective innate and adaptive immune responses that limit fungal persistence and prevent
progression to clinical disease.

Seroepidemiological data consistently reveal high rates of antibodies reactivity,
highlighting intense and widespread environmental circulation of Paracoccidioides spp. The
recurrent dissociation between seropositivity and pathological confirmation underscores
important limitations in interpreting serological assays as indicators of active infection, while
simultaneously reinforcing their value for epidemiological surveillance. Dogs, therefore,
emerge as sensitive sentinels of environmental exposure, capable of reflecting geographic
distribution, ecological risk factors. The frequent overlap with other endemic infections, such
as leishmaniasis, further emphasizes the shared ecological niches and the need for cautious

interpretation of serological findings.
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Although canine PCM may present clinical manifestations resembling those described
in human disease, including systemic, lymphatic, cutaneous, and mucocutaneous involvement,
the current evidence does not support a direct application of the human clinical classification to
dogs. In humans, PCM is traditionally classified into asymptomatic infection and
acute/subacute or chronic disease forms; however, in dogs, most available data derive from
seroepidemiological studies showing exposure or immunological sensitization rather than
confirmed active disease. The limited number of naturally acquired canine cases, together with
the heterogeneity of clinical signs, diagnostic approaches, and immune responses, prevents the
establishment of a standardized canine-specific classification. Therefore, human PCM
categories may be useful as a comparative framework, but canine PCM should currently be
interpreted more cautiously, ranging from environmental exposure and subclinical infection to
rare cases of clinically overt disease.

In conclusion, the available evidence positions dogs as highly informative indicators of
environmental exposure to Paracoccidioides spp. From a One Health perspective, integrating
canine surveillance into epidemiological studies may enhance the understanding of fungal
ecology, support early detection of endemic and emerging areas, and contribute to improved

risk assessment for both animal and human populations.
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5.2 ARTIGO 2

Serological evidence and spatial patterns of exposure to Leishmania infantum and
Paracoccidioides spp. in dogs from Foz do Iguacu, a Brazil-Paraguay—Argentina triple-

border region

Abstract

International border regions are epidemiologically relevant because neighboring countries often
share pathogens, vectors, reservoirs, and environmental risk factors. In this context, Foz do
Iguacu, located at the triple border of Brazil, Paraguay, and Argentina, is endemic for visceral
leishmaniasis and presents a high incidence of human paracoccidioidomycosis (PCM). Given
the endemic overlap of both pathogens and the limited data available in this region, this study
evaluated seropositivity for Paracoccidioides spp. in dogs positive and negative for Leishmania
infantum and described the spatial distribution of seropositive animals in urban areas of Foz do
Iguacu. A total of 250 canine serum samples were analyzed using serological tests, clinical
evaluation, and spatial kernel density analysis. Canine visceral leishmaniasis (CVL) showed
high seroprevalence (35.6%), although antibodies against Paracoccidioides were detected in
8.4% of the dogs analyzed. All animals seropositive for Paracoccidioides were also
seropositive for L. infantum. A significant association and moderate correlation were observed
between the infection by both pathogens. Spatial analysis revealed heterogeneous distribution
and localized clustering of cases. These findings highlight the endemicity of CVL and
Paracoccidioides spp. in the municipality, suggesting shared environmental conditions
favoring exposure to both pathogens, and reinforce the importance of integrated One Health

surveillance in endemic areas for both diseases.

Keywords: Canine visceral leishmaniasis; Paracoccidioidomycosis; Neglected Tropical
Disease; Epidemiological surveillance; Zoonosis
1. Introduction
International border regions in the Americas represent important epidemiological
settings because neighboring countries often share similar transmission dynamics, including

circulating pathogens, vectors, reservoirs, and environmental risk factors (Lopes et al., 2023).
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Visceral leishmaniasis (VL) is a neglected tropical disease responsible for
approximately 30,000 new human cases each year worldwide (OPAS, 2025). In the Americas,
Brazil accounts for nearly 97% of reported human cases, remaining the principal endemic
country in the region, while domestic dogs constitute the main urban reservoir of the parasite
(OPAS, 2020). In southern Brazil, the epidemiological expansion of VL became evident in
Parana state with the first detection of phlebotomine vectors in 2012 (Santos et al., 2012),
followed by canine cases in 2013 (Dias et al., 2013) and the first autochthonous human cases
in 2015 (Trench, 2016), all recorded in Foz do Iguacu, a municipality located at the triple border
with Paraguay and Argentina. Since then, the municipality has remained endemic, with
sustained transmission associated with intense cross-border mobility, the presence of competent
vectors, and a large canine reservoir population (Moreira, 2026). Similar epidemiological
conditions have also been reported in neighboring Paraguay and Argentina, where
environmental and social determinants continue to influence VL transmission dynamics
(Moreira, 2026).

PCM, in turn, is a systemic granulomatous mycosis caused by thermodimorphic fungi
of the genus Paracoccidioides (Peganha et al., 2022). Among endemic countries, Brazil
accounts for approximately 80% of reported cases, representing the highest disease burden
worldwide (Martinez, 2017). Although PCM is also endemic in Argentina (Tracogna et al.,
2019) and Paraguay (Araujo Lopez et al., 2024), epidemiological indicators such as prevalence
and incidence remain poorly defined across much of Latin America (Venturini et al., 2026).

Within Brazil, annual human PCM incidence ranges from 0.71 to 3.70 cases per 100,000
inhabitants (Martinez, 2017). Parand is considered an important endemic area, with a
cumulative incidence of 6.4 cases per 100,000 inhabitants (de Suguiura & Ono, 2022). Notably,
Foz do Iguagu presents the highest cumulative incidence in the state, reaching 9.7 cases per

10,000 inhabitants (de Suguiura & Ono, 2022). This epidemiological profile has been
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associated with regional environmental conditions, including abundant rainfall, moderate
temperatures, acidic soils, and preserved vegetation, all of which favor fungal survival and
sporulation (Mendes et al., 2017). In addition, anthropogenic activities such as deforestation,
agricultural expansion, and urban soil disturbance may increase human and animal exposure to
infective propagules (Rodrigues-Vendramini et al., 2019).

Evidence of Paracoccidioides infection in dogs has been demonstrated through
serological (Ono et al., 2001; Silveira et al., 2006; Teles et al., 2015) and pathological studies
(Ricci et al., 2004; Rodrigues de Farias et al., 2011; Headley et al., 2017; de Souza Suguiura et
al., 2024), supporting the role of dogs as environmental sentinels of fungal circulation. In
addition, previous studies have suggested a relationship between Paracoccidioides spp. and
Leishmania spp. in canine populations, with positive correlations reported in coinfected animals
(Silveira et al., 2006; Petroni et al., 2017). Considering the endemic overlap of both pathogens
in the triple-border region, this study aimed to evaluate seropositivity for Paracoccidioides spp.
in dogs positive and negative for Leishmania infantum, and to describe the spatial distribution

of seropositive animals in the urban regions of Foz do Iguagu, Parana Brazil.

2. Materials and Methods

2.1. Study area

Foz do Iguacu (25°32'49" S, 54°35'18” W) is a Brazilian municipality located in the
triple-border region between Brazil, Paraguay, and Argentina. The municipality covers an area
of 617.7 km?, of which 197.2 km? correspond to the urban area (PMFI, 2018), and has an
estimated population of 297,352 inhabitants, resulting in a population density of 468.5
inhabitants per km? (IBGE, 2025).

The local climate is classified as humid subtropical (Cfa), characterized by hot summers

and rainfall distributed throughout the year (PMFI, 2020). The municipality is divided into five
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main urban regions (North, West, Northeast, East, and South), which differ in terms of
territorial extent, number of properties, and population distribution.

A domestic animal census conducted by ZCC-FOZ in 2014 estimated a population of
approximately 55,000 domestic dogs and cats in the municipality (CCZ-FOZ, 2018a).
Epidemiological surveillance of Canine Visceral Leishmaniasis (CVL) is routinely conducted

by ZCC-FOZ (CCZ-FOZ, 2018b).

2.2. Data and samples collection and analysis

This study was approved by the Ethics Committee on Animal Use of the Federal
University for Latin American Integration (CEUA-UNILA No. 004/2021).

Blood samples were collected from domestic dogs between March and August 2022.
For the diagnosis of Canine Visceral Leishmaniasis (CVL), the Dual Path Platform TR-DPP®
immunochromatographic screening test (Bio-Manguinhos/Fiocruz, Brazil) was performed.
Samples that tested positive in the screening test were subsequently sent to the Central
Laboratory of the State of Parand (LACEN-PR) for confirmatory ELISA testing.

Information on each animal was obtained through a standardized epidemiological form,
including data on residential address, sex, age, place of birth, recent travel history outside the
municipality, and whether the animal had been rescued from the streets. During clinical
evaluation, signs were also recorded, including lymphadenomegaly, alopecia, furfuraceous
desquamation, ulcerative lesions, onychogryphosis, muscular atrophy, and weight loss.

Statistical analyses were performed using the chi-square test with Yates’ correction to
evaluate associations between categorical variables. The phi coefficient (¢) was used to assess
the correlation between the pathogens. A significance level of 5% (p < 0.05) was adopted. All

analyses were conducted using BioEstat software, version 5.0.
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2.3. Serological analysis

All serum samples were tested for antibodies against Paracoccidioides spp. using the
double immunodiffusion (DID) assay with P. brasiliensis exoantigen (B-339), following the
method previously described by Camargo et al. (1988). Positive control serum from a dog
diagnosed with P. brasiliensis infection was included in all assays. Serum samples were tested

qualitatively, without serial dilution or antibody titer determination.

2.4. Georeferencing and Spatial Analysis with Density Map (Kernel)

Spatial analyses were performed using QGIS software (version 3.42.1). The residential
addresses recorded in the epidemiological forms were geocoded to obtain geographic
coordinates (latitude and longitude). Cartographic base data were obtained from official
sources, including the Brazilian Institute of Geography and Statistics (IBGE) and regional
geoinformation agencies.

Kernel density estimation (KDE) was applied to the georeferenced data to identify areas
with higher concentrations of seropositive cases. This spatial statistical method estimates the
density of point events across a geographic surface, generating a continuous density map that
highlights areas of higher occurrence.

The analysis was conducted using the “Heatmap (Kernel Density Estimation)” tool
available in QGIS. The resulting maps represent case density using a color gradient, where
warmer colors indicate areas with higher concentrations of cases, facilitating the identification

of potential clusters and supporting spatial epidemiological interpretation.

3. Results
3.1. Seropositivity for L. infantum and Paracoccidioides spp. in dogs

A total of 250 canine blood samples were collected, including 166 (66.4%) females and
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84 (33.6%) males. Serological analysis identified 89 animals (35.6%) positive for L. infantum
infection. Among these, 53 (59.6%) were females and 36 (40.4%) were males. Statistical
analysis showed no significant association between sex and seropositivity for L. infantum. (¢
=243;df=1;p=0.12).

Antibodies against Paracoccidioides spp. were detected in 21 dogs (8.4%). All
Paracoccidioides-seropositive samples were also positive for L. infantum, representing 23.6%
of the CVL-positive animals. No Paracoccidioides seropositivity was observed among
Leishmania-negative samples. Statistical analysis revealed a significant association between
seropositivity for L. infantum and Paracoccidioides spp. (> =42.0; df = 1; p < 0.001), with a
moderate positive correlation (¢ = 0.41). No association was observed between sex and

seropositivity for Paracoccidioides spp. (¥*> = 0.05; df = 1; p = 0.82) (Table 1).

Table 1. Distribution of positive and negative samples analyzed between March and August
2022, according to district in Foz do Iguacu, Parana, Brazil

District L. infantum Paracoccidioides spp Negative Total Samples
North 29 5 64 98
West 32 8 14 54
North East 18 5 30 53
East 8 2 30 40
South 2 1 2 5
Total 89 21 140 250

Among the 89 dogs seropositive for L. infantum, several clinical manifestations
commonly associated with CVL were observed. Lymphadenomegaly was the most frequent
sign, affecting 60 animals (67.4%), followed by ulcerative skin lesions in 38 (42.7%).
Onychogryphosis was observed in 32 dogs (35.9%), alopecia in 26 (29.2%), and weight loss in
24 (26.9%). Other clinical signs included furfuraceous desquamation in 22 animals (24.7%)

and muscular atrophy in 19 (21.3%). Additional non-specific signs, such as lethargy,
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conjunctivitis, or gastrointestinal alterations, were reported in 10 dogs (11.2%).

Of the 250 dogs evaluated, 78 (31.2%) showed no clinical signs compatible with the
investigated diseases. Among these asymptomatic animals, 14 (17.9%) tested positive for CVL,
while none were positive for Paracoccidioides antibodies. In contrast, 172 dogs (68.8%)
presented one or more clinical signs; of these, 75 (43.6%) were positive for CVL. All 21 dogs
seropositive for Paracoccidioides spp. were observed exclusively among clinically
symptomatic animals. Additionally, 97 symptomatic dogs (56.4%) tested negative in both
diagnostic assays.

Statistical analysis demonstrated a significant association between the presence of
clinical signs and seropositivity for L. infantum (y* = 14.31; df = 1; p = 0.00015) and
Paracoccidioides spp. (x> = 8.87; df = 1; p = 0.003). The epidemiological and clinical

characteristics of the 21 dogs seropositive for both pathogens are summarized in Table 2.

Table 2. Epidemiological and clinical characteristics of dogs seropositive for

Paracoccidioides spp. and Leishmania infantum in Foz do Iguagu, Parana, Brazil, 2022

Female: 13 (62%)
Sex

Male: 08 (38%)

Puppyhood (< 1 year) 03 (14%)
Age Adulthood (1 to 12 years) 13 (62%)

Senior (> 12 years) 02 (10%)

Unknown: 03 (14%)

Foz do Iguacu (Parand, Brazil): 14 (67%)
City of birth Other cities in Parana (Brazil): 04 (19%)

Unknown: 03 (14%)

Yes: 01 (4.7%)*
Has the animal left the city in the last 12 months?

No: 20 (95.3%)

Yes: 03 (14.3%)**
Was the animal rescued from the street?

No: 18 (85.7%)

Lymphadenomegaly 17 (80.9%)
Clinical Signs

Ulcerated Lesions 12 (57.1%)
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Alopecia 11 (52.4%)

Weight loss 09 (42.8%)
Onychogryphosis 08 (38.1%)
Furfuraceous desquamation 07 (33.3%)
Mass atrophy 05 (23.8%)
Others 04 (19.0%)

Percentage based on the 21 animals.
*The animal went to the city of Sdo Paulo in Brazil.
**All animals rescued from the street remained living in the same region where they were found.

3.2. Spatial distribution of canine seropositivity for L. infantum and
Paracoccidioides spp.

The spatial distribution of the sampled animals showed a predominance of dogs
originating from the northern region of the municipality, which accounted for 39% of the total
samples analyzed. The eastern and northeastern regions represented 22% and 21% of the
samples, respectively, while the western region contributed 16%. The southern region had the

lowest sampling frequency, corresponding to only 2% of the total dataset (Figure 1).
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Figure 1. Spatial distribution of the dog serum samples in Foz do Iguacu, PR, Brazil. Samples from all regions of
the municipality were analyzed, with cases of positive serology for L. infantum and Paracoccidioides spp.

distributed throughout all regions.

Among dogs seropositive for L. infantum, the eastern region presented the highest
number of cases (32; 36%), followed by the northern region (29; 33%). The northeastern region
accounted for 18 positive animals (20%), while the western region presented eight cases (9%).
Only two cases (2%) were identified in the southern region. Kernel density analysis revealed a
higher concentration of cases in the northern and northeastern areas of the municipality (Figure

2).
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Figure 2. Kernel density analysis of seropositive samples for Leishmania infantum in Foz do Iguagu, PR, Brazil.

The analysis showed a higher concentration of cases in the northern and northeastern regions of the municipality.

Regarding Paracoccidioides spp., 21 seropositive cases were identified. The eastern
region presented the highest number of positive animals (8; 38%), followed by the northern and

northeastern regions, each with five cases (24%). Two positive dogs (9%) were identified in
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the western region, while a single case (5%) was recorded in the southern region. Kernel density
analysis demonstrated greater spatial clustering of seropositive cases in the northern,

northeastern, and eastern sectors of the municipality (Figure 3).

746350.000 752675.000

740025.000
et GEOGRAPHIC CONVENTIONS

A : [1]'994316 Kernel Density

International limits
—= Districts limits
e Hydrography

CARTOGRAPHIC REFERENCES

Districts: PMFI, 2017.
Hydrography: PMFL, 2017.
Image: Google Earth, 2023.
Samples: the autor.

7178875.000
7178875.000

LOCATION

724500 756000 787500

7198000

Paraguay,

2
=1
=
=]
n
n
o
N
=
~

7172550.000
7167500

Magnetic declination in September of
2023: 17°11°
Scale: 1:90000
Central Meridian -51W — Zona 21T
Imbituba Tide Vertical Datum

740025.000 746350.000 752675.000

Figure 3. Kernel density analysis of seropositive samples for Paracoccidioides spp. in Foz do Iguagu, PR, Brazil.

The analysis showed a higher concentration of cases in the northern, northeastern, and eastern regions.

4. Discussion

Foz do Iguagu has the highest cumulative incidence of human PCM in the state of
Parana (de Suguiura & Ono, 2022). Despite this elevated incidence, studies investigating PCM
in the region remain scarce, both in the human population and in animal hosts, which may act
as environmental sentinels of fungal circulation (Ferguson et al., 2024). To date, no studies have
assessed the occurrence of Paracoccidioides spp. in animals in this municipality. Consequently,
this pathogen is rarely considered in routine veterinary clinical investigations in dogs, which
may contribute to the underrecognition and underreporting of animal infections. This

knowledge gap is particularly relevant given that the region exhibits environmental conditions
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conducive to the development e persistence of pathogenic fungi, including high humidity, mild
temperatures, and the presence of exposed soil and dense vegetation (Teixeira et al., 2014;
Mendes, 2017). In this context, integrated investigations adopting a One Health approach are
essential to improve the understanding of PCM transmission dynamics and to strengthen
regional epidemiological surveillance.

In this study, a high seroprevalence of CVL was observed, with 35.6% of dogs testing
positive for L. infantum. This finding is consistent with previous studies conducted in Foz do
Iguacu, which reported prevalences of 23.8% in 2014 and 37.94% between 2015 and 2020
(Thomaz Soccol et al.,, 2017; Chiyo et al., 2023), confirming the persistence of active
transmission in the municipality.

Immunodiffusion using exoantigen is a classical, specific, and widely used method for
the immunodiagnosis of PCM, particularly in active human disease, since reactivity in this
assay is generally associated with patients presenting clinical manifestations (Shikanai-Yassuda
etal., 2018). In the present study, seropositivity by DID for Paracoccidioides spp. was detected
in 8.4% of the dogs evaluated. Notably, all seropositive animals were also positive for L.
infantum, and statistical analysis revealed a significant association between the two pathogens.
This finding is consistent with Silveira et al. (2006) and Petroni et al. (2017), both of whom
reported 7.3% positivity for P. brasiliensis by DID and observed higher reactivity among dogs
positive for leishmaniasis. Petroni et al. (2017) also found that all samples reactive to P.
brasiliensis exoantigen were from dogs seropositive for Leishmania sp., and 86% of these
immunodiffusion-positive samples were confirmed by Western blotting using recombinant
non-glycosylated gp43.

However, the absence of Paracoccidioides seropositivity among Leishmania-negative
animals resulted in an empty cell in the contingency table, limiting the robustness of statistical

estimates and preventing causal inference (Agresti & Kateri, 2025). In addition, because
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confirmatory Western blotting, fungal isolation, histopathology, or molecular assays were not
performed, it is not possible to determine whether DID reactivity reflects active infection,
previous exposure, or, less likely, serological cross-reactivity. Thus, the exclusive detection of
Paracoccidioides antibodies among CVL-positive dogs may indicate shared environmental
exposure, overlapping endemicity, host-related susceptibility, or immune alterations associated
with CVL.

The presence of clinical signs was significantly associated with CVL seropositivity, and
the clinical manifestations observed are consistent with the classical clinical profile of the
disease (Ordeix et al., 2019). In this study, the identification of seropositive animals without
clinical signs (17,9%) highlights the epidemiological importance of subclinical infections,
reinforcing previous observations that infected animals may remain clinically silent while still
contributing to parasite maintenance in endemic areas (Singh et al., 2014; Thomaz Soccol et
al., 2017).

All dogs seropositive for both L. infantum and Paracoccidioides spp. presented clinical
signs, suggesting that coinfection may influence clinical expression. Both CVL and PCM are
infections in which the clinical outcome depends largely on the balance between protective cell-
mediated immunity and regulatory or humoral-biased immune responses.

In leishmaniasis, resistance to L. infantum is associated with a dominant Thl-type
response, involving CD4+ Thl and CD8+ Tcl cells, production of IFN-y, TNF-a and IL-2,
macrophage activation, increased phagocytosis, reactive oxygen species generation and parasite
killing (Yasmin et al., 2022). Conversely, progression of VL is favored by a Th2/regulatory
profile, with increased IL-4, IL-10 and TGF-B, which dampen macrophage activation, inhibit
effective phagocytosis and reduce microbicidal mechanisms, allowing parasite persistence and
dissemination (Yasmin et al., 2022).

A similar immunological dichotomy is observed in PCM: effective control of
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Paracoccidioides spp. is associated with a Th1 response, macrophage activation and formation
of compact granulomas capable of limiting fungal proliferation, whereas severe disseminated
or acute/subacute disease is linked to a Th2-skewed response, characterized by IL-4, IL-5, IL-
10 and TGF-B, intense B-cell activation, high antibody production and poorly controlled fungal
dissemination (Hahn et al., 2022). Therefore, in dogs with CVL, the immunomodulatory
environment induced by L. infantum infection may theoretically reduce the host’s ability to
contain Paracoccidioides spp., favoring fungal persistence, reactivation or progression from
exposure to active disease. However, interpretation of PCM-related clinical manifestations in
dogs remains limited, as only a small number of confirmed cases have been described in the
literature (Ricci et al., 2004; Rodrigues de Farias et al., 2011; Headley et al., 2017; de Souza
Suguiura et al., 2024).

The large proportion of symptomatic animals negative for both pathogens further
emphasizes the nonspecific nature of clinical signs often attributed to CVL and systemic
mycoses. Similar manifestations may occur in several other canine diseases, including
ehrlichiosis, dermatophytosis, canine scabies, anaplasmosis, and babesiosis (Evaristo et al.,
2024), highlighting the importance of laboratory confirmation for accurate diagnosis.

Spatial analysis revealed an uneven distribution of samples, with a predominance of
animals from the northern region of the municipality. This pattern likely reflects the location of
the ZCC in this area, which may have facilitated access for nearby residents and influenced the
demand-based sampling profile. Therefore, spatial patterns observed in this study should not be
interpreted as prevalence estimates for each region, but rather as indicators of areas where cases
were more frequently detected among animals submitted for evaluation.

Despite this sampling gradient, CVL cases were identified in all regions of the
municipality. Compared with the spatial pattern in 2014, previously reported by Thomaz Soccol

et al. (2017), the distribution observed in 2022 suggests a possible shift in the areas with greater
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concentration of CVL-seropositive dogs in Foz do Iguagu. In the 2014 survey, the highest
prevalence was reported in the western, southern, and eastern regions, whereas the northern and
northeastern areas showed lower prevalence and were interpreted as more recently affected
areas, despite the presence of seropositive dogs in sampled patches. In contrast, in the present
study, most L. infantum-seropositive dogs were recorded in the eastern (36%) and northern
(33%) regions. Kernel density analysis also indicated a higher concentration of cases in the
northern and northeastern portions of the municipality. This apparent increase in cases may
reflect the progressive expansion of CVL into areas previously described as undergoing urban
growth, particularly due to the construction of residential condominiums as well as the presence
of rural and periurban landscapes that may favor the maintenance of vectors and reservoir hosts
(Thomaz Soccol et al., 2017),

A similar spatial trend was observed for Paracoccidioides spp., with cases distributed
across several regions but with greater clustering in the northern, northeastern, and eastern
areas. Data indicating that animals had not left their residential areas in the previous 12 months
supports the hypothesis of local exposure. Environmental factors such as soil humidity,
vegetation cover, and land use may contribute to fungal persistence and influence the spatial
distribution of infections (Rodrigues-Vendramini et al., 2019). In this context, the northern and
northeastern regions of Foz do Iguagu are particularly relevant because they include rural and
periurban landscapes, areas undergoing urban expansion, vegetation fragments, unpaved soils,
and sites with domestic animal presence, all of which may create favorable microenvironments
for the maintenance of Paracoccidioides spp. (Ono et al., 2001; Fontana et al., 2010).

Overall, the results suggest that the circulation of L. infantum and Paracoccidioides spp.
in Foz do Iguacu is shaped by a combination of environmental suitability, host exposure, and
local ecological conditions. The integration of serological and spatial analyses provides

important insights into the eco-epidemiology of these pathogens and supports the development
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of targeted surveillance strategies within a One Health perspective.

5. Conclusion

This study provides novel insights into the eco-epidemiology of L. infantum and
Paracoccidioides spp. infections in dogs from Foz do Iguacu, a municipality with documented
human cases of PCM and environmental conditions favorable to pathogenic fungi. The high
seroprevalence of CVL confirms the endemicity and sustained transmission of L. infantum in
the region, including both symptomatic and asymptomatic dogs, reinforcing the role of
subclinical infections in maintaining the transmission cycle. The exclusive occurrence of
seropositivity for Paracoccidioides spp. among clinically symptomatic and Leishmania-
positive dogs suggests a possible epidemiological association between these pathogens,
warranting further investigation. Spatial analyses revealed heterogeneous distributions and
localized clustering of infections, emphasizing the importance of integrating serological data
with spatial analytical tools to identify potential transmission hotspots. Overall, these findings
underscore the need for integrated One Health surveillance approaches involving human,
animal, and environmental components, as well as expanded regional studies using
complementary diagnostic methods, to improve understanding of transmission dynamics and

support more effective control and surveillance strategies in endemic areas.
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6 CONCLUSAO

A presente tese permitiu ampliar a compreensdao da infeccdo por
Paracoccidioides spp. em caes, ao integrar evidéncias da literatura cientifica e dados
originais obtidos em area de relevancia epidemiolégica. De modo geral, os resultados
confirmam que os caes estao frequentemente expostos a Paracoccidioides spp. em
regides endémicas, o que evidencia a importancia epidemioldgica dessa infecgédo na
especie.

No ambito do primeiro artigo, a revisdo sistematica demonstrou que os caes
sdo biologicamente suscetiveis a infeccao por Paracoccidioides spp., conforme
indicado por estudos experimentais, imunologicos, soroepidemioldgicos e relatos de
casos naturais. Entretanto, a predominancia de estudos soroldégicos em relagéo a
comprovacado de doenga ativa sugere que, na maioria das situagdes, os animais
expostos desenvolvem respostas capazes de limitar a persisténcia do fungo. Esses
achados sustentam o papel dos caes como sentinelas epidemioloégicos, uma vez que
a soropositividade observada reflete de maneira sensivel a circulagdo ambiental do
agente e sua distribuicdo geogréafica.

No segundo artigo, o estudo conduzido em Foz do Iguacu, Parana, confirmou
a endemicidade da leishmaniose visceral canina na regido e demonstrou que a
soropositividade para Paracoccidioides spp. ocorreu exclusivamente entre caes
clinicamente sintomaticos e positivos para Leishmania infantum, sugerindo uma
possivel associacdo epidemiologica entre esses patdogenos. Embora os resultados
nao permitam definir de forma conclusiva se essa associagao decorre de coinfeccéao,
reatividade cruzada ou compartilhamento de fatores ambientais de risco, os achados

reforcam a hipotese de interagao entre essas infecgdes em areas de cocirculagao.
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Adicionalmente, a analise espacial demonstrou distribuicado heterogénea dos
caes soropositivos e a existéncia de agrupamentos localizados, evidenciando que a
integracdo entre dados sorolégicos e ferramentas espaciais pode auxiliar na
identificacdo de areas prioritarias para vigilancia epidemiolégica. Esse resultado
responde diretamente ao objetivo de descrever a distribuicdo espacial dos animais
soropositivos nas regides urbanas de Foz do Iguagu.

Em conjunto, os resultados obtidos permitem concluir que os cées constituem
indicadores epidemioldgicos relevantes da exposicdo ambiental a Paracoccidioides
spp. € que sua avaliagado pode fornecer subsidios importantes para a compreensao
da ecoepidemiologia da PCM sob a perspectiva de Saude Unica. Além disso, a
associagao observada entre Paracoccidioides spp. € Leishmania infantum em caes
de area endémica reforga a necessidade de abordagens integradas de vigilancia e de

estudos adicionais que aprofundem a compreensao dessa interface epidemioldgica.
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APENDICE A - Ficha de Coleta de Dados

Dados do Proprietario

Nome: RG ou CPF:
Endereco: N°:
Bairro: Municipio: UF:
Ponto de Referéncia:
Telefone: E-mail:

Dados do cao

Nome:

Sexo: Macho Fémea Idade:
Raca: SDR Qutra:
Cor: Peso: Pelagem: | | Curta] [ Média] [Longa

Cidade onde nasceu:

Animal recolhido da rua. Qual bairro?

Ha quanto tempo?

Cao se deslocou para outra cidade nos ultimos 12 meses?

Nao

Sim Qual?

Animal foi vacinado contra Leishmaniose?

Nao

Sim

Sinais Clinicos

Linfadenomegalia

Descamacdo Furfuracea

|_| Atrofia de Massa

Onicogrifose

Les&es Ulceradas

Alopecia

Perda de Peso

Qutros:
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ANEXO A

Parecer Comissao de Etica no Uso de Animais - UNILA

UNILA Universidade Federal da Integragéo Latino-Americana

COMISSAO DE ETICA NO USO DE ANIMAIS - UNILA

O projeto intitilado "Detecgao de Paracoccidioides spp em animais de Foz do lguagu -
PR, processo de ndamero 0042021, sob responsabillidade do professor doutor Kelvinson
Femandes Viana, estd de acordo com as normas eficas estabelecidas pela Lei de

Procedimentos para o Uso Cientifico de Animais (Lei N2 11.784).

Foz do [guagu, 23 de abril de 2021

Prof. Dr. Fldvio Luiz Tavares
 Coordenador
Comissao de Etica no Uso de Animais - UNILA
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ANEXO B

Termo de Consentimento Livre Esclarecido
Universidade
Fsradual de Londrina UN“.A

TERMO DE CONSENTIMENTO LIVRE E ESCLARECIING

Titule do Projeto: Detecgiio de Paracocctdiofdes spp. em animais de Foz do lguagu, PR
Nome da Pesquisadora Responsivel: Acucena Veleh Rivas - CRBio 108352/07-D
Comité de Etica: CEUA/UNILA

Objetivos do estudo: Reahzar teste para detecgdio de anticorpos contra fungos do género
Paracoccidioides, em amosiras de sangue de cles ¢ gatos; e dos fungos em amostras de pungio
de linfonodo (de animais com binfonodemegalia) e em amostras de Orglos (de animais
eutanasiados). Para isso, parte do sangue coletado do animal durante a consulta para realizagio
de outros exames, serd destinada a esse estudo. Em caso de entanisia do animal (indicada por
outros motivos), serfio coletados fragmentos de pulmio, baco e figado para esse estudo. Caso o
resultado do exame soroldgico seja positivo: serd coletada amostra de pungiio de linfonodo para
andlise da presenga dos fungos; serd fornecido um laudo para que o tutor possa buscar
tratamento especifico para o animal ¢ enfraremos em contato para investigar o possivel local de
contaminacio do animal.

Potenciais riscos para os animais: A coleta de amostras para 0 esiudo nfio oferece risco aos
animais.

Beneficios: Identificar de forma pratuita se o ammal teve contato com os fungos, que pode ser
prejudicial 4 salde e gue, em caso positive, receberd laudo para que possa ser realizado o
tratamento correto (o tratamento é responsabilidade do tutor). Identificar em quas repides da
cidade pode haver a presenga dos fungos em questiio.

ESCLARECIMENTOS AO PROPRIETARIO SOBRE A PARTICIPACAQ DO ANIMAL
NESTE ESTLDN)

Sua autonzacdo para a mnclusfo do seu ammal neste estudo & voluntfiria. Seua ammal
podetd ser retirado do estudo. a qualquer momento, sem que isso cause qualquer prejuizo a vocd
e/on a ele. A confidencialidade dos seus dados pessoais serd preservada. Os membros da CEUA
ou as sutondades regulatbrias poderfio solicitar suas informagbes, e nesse caso, elas serdo
dirigidas especificamente para fins de inspecdes regulares,

O Médico Veterinirio responsdvel pelo seu amimal serd o Amdré de Souza Leandro,
imscrite no CRMY sob o nimero 04179 Além dele, a equipe da pesquisadora responsavel
Agucena Veleh Rivas também se responsabilizard pelo bem-estar do seu animal durante todo o
periode do esiudo. Quando for necessirio, durante ou apds o periodo do esmdo, vocé poderd
entrar em contalo com a pesquisadora principal pelo contato:
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Usiversidade
Estadual de Londrina UNILﬂ,

DECLARACAQ DE CONSENTIMENTO

Eu. . mtor(a)responsdvel legal pelo
anumal . declaro que fui devidamente esclarecido{n) sobre todos os
procedimentos  deste  estudo/projete,  seus nscos e beneficios ac animal pelo qual sou
responsdvel. Fui também informadofa) que posse retirar meu animal do estudo a qualquer
momento. Ao assinar este Termo de Consentimento, declaro que autorizo a participagio do meu
animal identificado, a seguir, neste estedo.

MNome do tutor/responsivel legal pelo animal:

CPF ou RG:
Telefone: [ ) E-muail:
Identificaciio do animal
Nome: N de identificagiio:
Espécie: () Cio Raca: Sexo:{ ) Fémea
{ ) Gato { ) Macho

Este documento serd assinado em duas vias, sendo goe uma via ficard comigo e outra com a
Pesquisadora responsavel.

For do lguagu/PR, /[

Pesquisadora Responsdvel Assinatura dofa) mtorz)
Acucena Veleh Rivas
CRBiwo [108352/07-D
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