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RESUMO

CARACTERIZACAO DASNLESCN)ES VASCULARES NA PITIOSE EM
CAES E EQUIDEOS

AUTORA: Taiara Muller da Silva
ORIENTADORA: Glaucia Denise Kommers

Pitiose é uma doenca infecciosa causada pelo oomiceto Pythium insidiosum. Esta enfermidade
acomete humanos e diversas espécies animais. Em humanos, a forma vascular é a
apresentacdo clinica mais comum, na qual sdo observadas hifas na parede de artérias, com
desenvolvimento de aneurismas e trombose, podendo levar a amputacdo de membros, entre
outras consequéncias. Em animais, a ocorréncia de lesdes vasculares ja foi citada por diversos
autores, no entanto, o detalhamento destas lesdes e o seu possivel papel na patogénese da
pitiose ainda ndo foram estudados mais profundamente. Assim, 0s objetivos desta tese foram
(1) caracterizar as lesdes vasculares da pitiose em cées e equinos, determinando a presenca e a
localizacdo das hifas na parede dos vasos sanguineos afetados; (2) explorar o modo como as
lesbes da pitiose canina evoluem e se disseminam para os tecidos adjacentes; (3) assim como
também buscar compreender o papel dos vasos sanguineos no desenvolvimento dos kunkers
na pitiose equina; (4) e descrever um caso incomum de pitiose intestinal em um equino. No
primeiro estudo, a reavaliacdo histologica das lesdes permitiu determinar a localizacdo das
hifas principalmente na parede de artérias, e em menor quantidade no limen dos vasos ou em
meio a trombos, sugerindo que na pitiose canina, a ocorréncia de embolismo seja infrequente
em comparagdo a pitiose em humanos ou a infec¢bes flngicas em cdes. A observacdo de
intensa inflamacdo e de hifas adjacentes aos vasos sanguineos (perivasculite) sugere
fortemente que as hifas utilizam a parede dos vasos sanguineos como um caminho, e que as
lesOes e hifas se disseminam para os tecidos adjacentes por extensdo (contiguidade). No
segundo estudo, foram observadas hifas na parede de arteriolas e na periferia dos kunkers,
muitas vezes se projetando levemente para fora dos kunkers, além de permanecerem no
sentido longitudinal das fibras colagenas, presentes no interior de alguns kunkers. Estes
achados, somados a observacdo de kunkers com ramificagdes semelhantes a vasos
sanguineos, sugerem que as hifas utilizem as artérias como um caminho, e que a formacéo
dos kunkers ocorra pela extensdo direta do processo inflamatério, semelhante ao que parece
ocorrer nos cdes, porém formando as concrecdes (kunkers) de forma tridimensional. No
terceiro artigo, foi descrito o primeiro caso de pitiose segmentar intestinal em um equino, no
Laboratorio de Patologia Veterinaria da UFSM, em 56 anos de rotina diagnostica.

Palavras-chave: Pitiose. Pythium insidiosum. Oomiceto. Equinos. Cdes. Patogénese. Lesdes
vasculares. Histoquimica.



ABSTRACT

CHARACTERIZATION OF VASCULAR LESIONS IN PYTHIOSIS IN
DOGS AND HORSES

AUTHOR: Taiara Miller da Silva
ADVISOR: Glaucia Denise Kommers

Pythiosis is an infectious disease caused by the oomycete Pythium insidiosum. This disease
affects humans and several animal species. In humans, the vascular form is the most common
clinical presentation of pythiosis, where hyphae are observed on the artery wall, with the
development of aneurysms and thrombosis, which can lead to limb amputation, among other
consequences. In animals, the occurrence of vascular lesions has already been cited by several
authors, however, the details of these lesions and their possible role in the pathogenesis of
pythiosis have not been studied further. Thus, the objectives of this study were (1) to
characterize the vascular lesions in dogs and horses, determining the presence and location of
hyphae in the wall of the affected blood vessels; (2) to investigate how canine pythiosis
lesions evolve and spread to adjacent tissues, (3) as well as to seek to understand the role of
blood vessels in the development of kunkers in equine pythiosis; (4) and describe an unusual
case of intestinal pythiosis in a horse. In the first study, the histological reassessment of the
lesions made it possible to determine the location of the hyphae, mainly in the artery wall,
rather than in the lumen of the vessels or inside thrombi, suggesting that in canine pythiosis,
the occurrence of embolism is uncommon in comparison to pythiosis in humans or fungal
infections in dogs. The observation of intense inflammation and hyphae adjacent to blood
vessels (perivasculitis) strongly suggests that hyphae use the blood vessel wall as a pathway
and that lesions and hyphae spread to adjacent tissues by extension (contiguity). In the second
study, hyphae were observed on the wall of the arterioles and on the periphery of the kunkers,
often slightly protruding out of the kunkers, in addition to remaining in the longitudinal
direction of the collagen fibers, present inside some kunkers. These findings, added to the
observation of kunkers with blood vessel-like ramifications, indicate that hyphae use arteries
as a pathway and that the formation of kunkers occurs through the extension of the
inflammatory process, similar to what occurs in dogs, forming the concretions of three-
dimensional shape. In the third article, the first case of intestinal segmental pythiosis was
described in an equine, at the Veterinary Pathology Laboratory of UFSM, in 56 years of
diagnostic routine.

Keywords: Pythiosis. Pythium insidiosum. Oomycete. Horses. Dogs. Pathogenesis. Vascular
lesions. Histochemistry.
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1 INTRODUCAO

Pitiose € uma doenca inflamatoria cronica causada pelo oomiceto Pythium insidiosum
(DE COCK et al., 1987). A ocorréncia da doenca esté intimamente relacionada a presenca das
formas infectantes (zoosporos biflagelados moveis) que se desenvolvem em plantas aquéticas
de ambientes umidos e quentes. Quando livres na dgua, 0s zoosporos sdo atraidos por outras
plantas, pelos, pele ou mucosas de animais e humanos, fixando-se e emitindo um tubo
germinativo que invade os tecidos (GROOTERS, 2003; MENDOZA; HERNANDEZ,
AJELLO, 1993; SATHAPATAYAVONGS et al., 1989). Tanto em animais como em
humanos, os zodsporos aderem e penetram a pele ou mucosas através de lesdes prévias,
colonizando os tecidos (SANTURIO et al., 2006).

Os equinos sdo a espécie animal mais comumente afetada pela pitiose, com
envolvimento predominantemente cutadneo e subcuténeo, enquanto os cées desenvolvem
principalmente a forma gastrointestinal. Apesar disso, outros 6rgaos de cées e equinos podem
ser acometidos (GROOTERS, 2003). Em humanos, as lesdes cutaneas e arteriais nos
membros inferiores sao asmais frequentes (SATHAPATAYAVONGS et al., 1989), e somente
nesta espécie é bem reconhecida a migracao das hifas pela parede de artérias dos membros
afetados como parte importante na patogénese e disseminacdo da doenca (REANPANG et al.,
2015; SATHAPATAYAVONGS et al., 1989).

Em estudos em animais domésticos e de experimentacdo, ja foi descrita a presenca de
hifas no limen ou na parede de vasos sanguineos (FRADE et al., 2017; MILLER;
CAMPBELL, 1984; RAKICH; GROOTERS; TANG, 2005; TONDOLO et al., 2017; VERDI
et al., 2018), porém ndo esta bem esclarecido o papel e a importancia destas lesdes resultantes
da angioinvasao na patogénese da doenca, ou mesmo a caracterizacdo das lesbes vasculares e
0 modo como elas se desenvolvem. Além disso, as lesdes vasculares e a forma como as
mesmas se desenvolvem sdo pobremente caracterizadas em animais.

Desta forma, os objetivos desta tese foram caracterizar as lesdes vasculares por pitiose
em amostras de tecidos de cées e equinos recebidos como bidpsias ou dos animais submetidos
a necropsias, buscando determinar a localizacdo das hifas na parede dos vasos sanguineos
afetados, assim como tambem investigar o modo como as lesGes da pitiose canina evoluem e

se disseminam para os tecidos adjacentes. Quanto aos equinos, buscou-se compreender o
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papel dos vasos sanguineos no desenvolvimento dos kunkers, bem como descrever um caso

incomum de pitiose intestinal.



12

2 REVISAO BIBLIOGRAFICA

2.1 HISTORICO

Os primeiros relatos da doenca conhecida como pitiose ocorreram na india em 1884,
Neste pais, a denominacdo da doenca era bursattee, derivada da palavra burus (=chuva), pois
as infecgdes se davam nos periodos mais chuvosos (SMITH, 1884 apud MENDOZA,
HERNANDEZ; AJELLO, 1993). Em 1901, na Indonésia, a doenca passou a ser chamada de
hyphomycoses destruens. Nesta época, os estudiosos Hann & Hoogkamer chegaram a isolar o
agente, porém ndo conseguiram a sua esporulacdo. Em 1902, Haan modificou 0 nome para
hyphomycoses destruens equi. Por muitos anos, estes termos foram usados
indiscriminadamente para descrever habronemiase cutanea e, enquanto a etiologia “fangica”
ndo era confirmada, acreditava-se que o nematdédeo Habronema estava envolvido no
desenvolvimento dos granulomas cutaneos (GAASTRA et al., 2010). Somente em 1961, que
micro-organismos filamentosos foram isolados em ambiente estéril (BRIDGES; EMMONS,
1961).

Atualmente, a doenca causada pelo oomiceto P. insidiosum é denominada pitiose. No
entanto, as primeiras descricdes da doenca receberam nomes como swamp cancer, leeches,
bursattee, hyphomycosis destruens-equi, granular dermatitis, espundia, summer sores,
kunker, e equine phycomycosis (GAASTRA et al., 2010). O termo kunker, que ainda €
utilizado nos dias de hoje, se refere as massas encontradas no interior das feridas dos equinos
e que, morfologicamente, se assemelham a corais marinhos. Tal termo comecou a ser
utilizado na Asia. Em 1980 o termo pitiose foi proposto para substituir os nomes citados
acima e, em 1987, foi descrita a reproducdo sexuada do agente, possibilitando classificar o

microorganismo causador da pitiose como Pythium insidiosum (DE COCK et al., 1987).
2.2 DEFINICAO

Pitiose ¢ uma doenca inflamatéria crbnica e granulomatosa causada por Pythium
insidiosum (DE COCK et al., 1987), um oomiceto pertencente ao filo Straminipila, classe
Oomyecetes, ordem Pythiales e familia Pythiaceae (GAASTRA et al., 2010). Este é um agente
ubiqguo no solo e em ambientes aquaticos com distribuicdo global (MENDOZA;
HERNANDEZ; AJELLO, 1993), que acomete humanos e diversas espécies animais
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(GAASTRA et al., 2010), além de ser um importante patégeno de plantas (LUMSDEN et al.,
1976).

Equinos, caes, bovinos e humanos sdo as espécies mais acometidas (GAASTRA et al.,
2010). Outras espécies animais menos acometidas sdo ovinos (TABOSA et al., 2004;
PESSOA et al., 2012), gatos (RAKICH; GROOTERS; TANG, 2005) e animais silvestres
como camelo, oncga pintada, tigre de bengala (BUERGELT; POWE; WHITE, 2006; CAMUS;
GROOTERS; AQUILAR, 2004; VIDELA et al., 2012; WELLEHAN et al., 2004) e aves
(PESAVENTO et al., 2008; SOUTO et al., 2019).

2.3 EPIDEMIOLOGIA

Os equinos sao a espécie mais acometida por pitiose, seguida dos caes e humanos. Nao
ha predilecdo por sexo, idade e raga nos equinos e humanos, mas a maioria dos caes afetados
tem aproximadamente trés anos, sdo machos e de ragas de grande porte (MILLER, 1985),
possivelmente porque animais deste porte vivem em zonas rurais onde ha, frequentemente,
acudes e lagos. Estes locais favorecem a ocorréncia dos zodsporos maveis (forma infectante)
do P. insidiosum (MENDOZA; HERNANDEZ; AJELLO, 1993).

Os zoo6sporos sdo estruturas globosas com dois flagelos que facilitam a sua
movimentacdo dentro da &gua. Estas estruturas desenvolvem seu ciclo bioldgico em plantas
aquaticas de ambientes quentes, visto que a temperatura necessaria para a reproducdo dos
zoosporos fica entre 30 e 40 °C. Assim, a maior ocorréncia dos casos de pitiose esta atribuida
as regides com estas caracteristicas (umidade e calor). Acredita-se que durante o contato da
mucosa ou pele dos hospedeiros com o0s zodsporos, haja liberacdo de uma substancia pegajosa
gue os adere e permite 0 seu encistamento na superficie afetada. A partir disso, ha a formacéo
de um tubo germinativo e formacao das hifas que penetram semelhantemente a ponta de uma
agulha, exercendo for¢a mecanica sobre os tecidos. Esta acdo mecanica, somada a acdo de
enzimas, facilitariam o crescimento invasivo e a colonizagdo tecidual (GAASTRA et al.,
2010; MENDOZA; HERNANDEZ; AJELLO, 1993; RAVISHANKAR et al., 2001).

2.4 APRESENTACOES CLINICO-PATOLOGICAS

As formas clinicas de apresentacdo da pitiose e os sinais clinicos séo caracteristicos de

cada espécie acometida. Os equinos sdo a espécie mais acometida e desenvolvem lesdes
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principalmente na pele e no tecido subcuténeo, onde ha a formagdo de massas ulceradas que
se localizam particularmente nas regides ventrais do corpo, como as patas, regido esternal e
inguinal, que, de forma geral, as lesGes mais acometidas estdo em maior contato com aguas
contaminadas. Estas massas que se formam, caracterizam-se por aumentos de volume
ulcerados dos quais flui contetido serossanguinolento. Esta é a Unica espécie que apresenta no
interior das massas, pequenas estruturas ramificadas, friaveis e amareladas podem ser
facilmente removidas e que sdo denominadas de kunkers (MILLER; CAMPBELL, 1984).
Além da forma cutanea, em equinos, ja foram descritas lesdes intestinais (BROWN;
ROBERTS, 1988), pulmonares (GOAD, 1984), dsseas (MENDOZA; ALFARO;
VILLALOBOQOS, 1988) e disseminadas em equinos (REIS et al., 2003). Microscopicamente, as
lesGes de pitiose equina sdo caracterizadas por areas com tecido de granulacdo adjacente a
areas com acentuado infiltrado inflamatorio de eosinofilos e necrose eosinofilica que
caracterizam os kunkers observados macroscopicamente. As hifas podem estar integras ou
degeneradas e estdo localizadas tanto no centro, como na periferia dos kunkers, porém
geralmente ndo sdo observadas fora dos kunkers (MARTINS et al., 2012).

Os cdes sdo a segunda espécie mais acometida e, por sua vez, comparando a forma
cutanea, desenvolvem principalmente a forma gastrointestinal. Na forma gastrointestinal, ha
formacgédo de aumentos de volume brancacento na parede de estbmago e/ou intestino. Estes
aumentos frequentemente obstruem o lumen dos Orgdos, podendo levar, no caso de
compromentimento intestinal, a quadros de obstrucdo, com sinais clinicos de diarreia, dor
abdominal e aumentos de volume, que podem ser confundidos com neoplasias intra-
abdominais (MILLER, 1985). Além disso, estas lesdes podem ou ndo se disseminar para
outros 6rgdos, com consequéncias clinicas correspondentes aos 6rgdos afetados. Nos cées,
ndo ha a formacdo de kunkers, como nos equinos, porém, na superficie de corte das lesdes,
também podem ser observadas areas amarelas (necrose) ndo destacaveis como os kunkers,
entremeadas por areas brancacentas (TROST et al., 2009). Na forma cuténea, as lesdes podem
se localizar em mudltiplos lugares e geralmente sdo aumentos de volume ulcerados que
dificilmente cicatrizam (GAASTRA et al., 2010). Ambas as formas clinicas em um mesmo
animal sdo raras, mas ja foram relatadas na literatura (RECH; GRACA; BARROS, 2004).

Nos cées, observam-se microscopicamente trés padrdes inflamatorios, podendo todos
eles ocorrer em um mesmo caso. No padrdo necro-eosinofilico, as hifas ficam no interior de
areas constituidas por infiltrado inflamatorio de eosino6filos necréticos e debris celulares

formando pequenas massas, semelhantes ao estagio inicial de kunkers em equinos. Neste
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padrdo, é possivel também observar hifas ndo coradas, com um halo eosinofilico ao redor,
semelhante a reacdo de Splendore-Hoeppli. O padrdo granulomatoso é formado unicamente
por infiltrado inflamatério de macrofagos epitelioides e formacdo de células gigantes
multinucleadas. Neste, por sua vez, as hifas tém uma apresentacdo mais desintegrada,
sugerindo uma resposta inflamatoria/imunoldgica mais efetiva. O padrdo piogranulomatoso é
uma mistura do padrdo inflamatério necro-eosinofilico e granulomatoso com infiltrado
constituido por neutréfilos, eosinéfilos, macrofagos e células gigantes (MARTINS et al.,
2012).

Humanos tém uma grande variedade de apresentagdes clinicas exibindo quatro formas
clinicas: cutanea/subcutanea, ocular, vascular e disseminada (REANPANG et al., 2015). Na
forma cuténea, as lesdes ocorrem principalmente nos bracos ou pernas, e caracterizam-se por
Ulceras e aumentos de volume. Geralmente, estas lesGes ocorrem em consequéncia do contato
de trabalhadores rurais que ficam com o0s membros inferiores imersos em aguas
contaminadas. Esta forma € muito comum em paises asidticos com extensas areas de
plantacdo de arroz, onde a colheita é feita manualmente. Na forma vascular, as lesées ocorrem
principalmente em vasos dos membros inferiores e caracterizam-se por trombos ou
aneurismas em artérias, tendo como principal consequéncia, a amputacdo de membros.
Geralmente, estas lesdes evoluem a partir de lesdes cutaneas. Na forma ocular, 0s pacientes
apresentam Ulcera de cérnea, ceratite e dor intensa, que geralmente ocorrem ap6s algum
episédio de trauma ocular. Nestes casos, € muito comum a necessidade de enucleacdo do
globo ocular pela dificuldade do tratamento. Em humanos é muito frequente a observacéao de
pitiose em pacientes talassémicos ou com outras co-morbidades, no entanto, em animais
possiveis doencas pré-existentes ainda ndao foram determinadas (KRAJAEJUN et al., 2006;
REANPANG et al., 2015; SANTURIO et al., 2006; SATHAPATAYAVONGS et al., 1989).
Semelhante aos humanos, em cdes, equinos e gatos, também ja foram mencionadas lesdes
vasculares e hifas na parede de vasos sanguineos (MARTINS et al., 2012; MILLER,;
CAMPBELL, 1984; RAKICH; GROOTERS; TANG, 2005).

2.5 PATOGENESE
A ocorréncia da pitiose esta intimamente associada com a presenca das formas

infectantes (zo6sporos) (MENDOZA; HERNANDEZ; AJELLO, 1993). Assim, a ocorréncia

da doenca se d& em regifes com clima imido e quente, que propiciam um ambiente adequado
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para o ciclo bioldgico de P. insidiosum, que ocorre em plantas aquéaticas (GROOTERS, 2003;
MENDOZA; HERNANDEZ; AJELLO, 1993). Das plantas aquaticas séo liberadas as formas
infectantes (zodsporos biflagelados moveis) que, quando livres na dgua, tém quimiotaxia por
plantas, pelos e feridas de animais e humanos, fixando-se e encistando, apos a liberacdo de
substancia pelo zo6sporo, seguida da emissdo de um tubo germinativo que invade os tecidos
(GROOTERS, 2003; MENDOZA,; HERNANDEZ, AJELLO, 1993;
SATHAPATAYAVONGS et al., 1989). A Figura 1 exemplifica o ciclo dos zo6sporos até o
inicio das lesbes. A penetracao nos tecidos pelas hifas ocorre pela acdo mecanica incidida pela
ponta das hifas, semelhante a ponta de uma agulha associada a liberacdo de glicoproteinas que
destroem o tecido e facilitam a penetragéo e invasdo das hifas (GAASTRA et al., 2010;
MENDOZA; HERNANDEZ; AJELLO, 1993; RAVISHANKAR et al., 2001). A colonizagdo
dos tecidos pelas hifas induz uma resposta inflamatéria, com a producéo variavel de tecido
fibrovascular (de granulagdo) e, consequentemente, as lesbes nos locais predispostos,
conforme a espécie acometida (MARTINS et al., 2012).

Em humanos, as lesdes cutneas e arteriais nos membros inferiores sdo mais
frequentes (SATHAPATAYAVONGS et al.,, 1989), e somente nesta espécie é bem
reconhecida a migracdo das hifas pela parede de artérias dos membros afetados como parte
importante na patogénese e disseminacdo da doenca (REANPANG et al., 2015;
SATHAPATAYAVONGS et al., 1989). Estudos disponiveis na literatura veterinaria sugerem
que as lesBes de pitiose canina possam se disseminar por extensdo ou por via linfatica para
outros orgaos (FRADE et al., 2017; MILLER, 1985). No entanto, apesar de alguns estudos
em amostras animais citarem a presenca de hifas no limen ou na parede de vasos sanguineos
(MARTINS et al., 2012; MILLER; CAMPBELL, 1984; RAKICH; GROOTERS; TANG,
2005), ndo ha artigos cientificos buscando descrever as lesbes e o modo como elas se

desenvolvem.
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Figura 1 — Representacdo do ciclo bioldgico de Pythium insidiosum em meio aquético (0s
oomicetos se reproduzem nas plantas aquéticas e 0s esporangios liberam os zodsporos [forma
infectante]). No exemplo, os cdes ingerem a agua contaminada e no intestino 0s zodsporos se
aderem a mucosa, fixando-se sobre a superficie pela liberacdo de substancias pegajosas,
encistam e emitem o tubo germinativo, a partir do qual as hifas iniciam a formacéo do micélio

e penetram os tecidos. Fonte: autor.

2.6 ANGIOINVASIVIDADE E DISSEMINACAO

Diversos fungos como Aspergillus spp., Mucor spp., Rhizopus spp., Absidia spp. e
Mortierella spp. podem ser angioinvasivos. Angioinvasividade é a capacidade de alguns
agentes infecciosos colonizarem a pele ou mucosas, e invadirem a parede e o limen vascular.
Muitas vezes, ocorre ainda disseminacgdo para 6rgdos distantes, alem de doenca causada pela
possibilidade de tromboembolismo destes fungos (MOISER, 2017). Muitos casos de
tromboembolismo e disseminacdo fangica ja foram descritos na literatura humana (DELONE
etal., 1999; MIAUX et al., 1995) e em animais em menor quantidade (ALVES et al., 2020).
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Acredita-se que os fungos liberam uma substancia denominada elastase, capaz de
digerir a parede vascular eléstica, facilitando a sua invasdo. Essa destruicdo ainda leva a
fragilidade da parede vascular, com consequente formacdo de aneurismas. Além disso, muitos
fungos desenvolvem trombos com grande quantidade de hifas, facilitando a sua embolizagéo
para 6rgdos distantes (NORLINAH; NGOW; HAMIDON, 2007).

Tracando um paralelo destas caracteristicas com doengas causadas por oomicetos, em
humanos com pitiose, a forma mais comum da doenca € a forma vascular. Porém,
diferentemente dos fungos, ndo ha embolizacdo para outros 6rgdos. O que comumente ocorre
é a disseminacéo das hifas pela parede de artérias, principalmente de membros inferiores, com
aneurisma ou oclusdo vascular com consequente isquemia, tendo como desfecho comum a
amputacdo dos membros afetados (KRAJAEJUN et al., 2006; REANPANG et al., 2015;
SATHAPATAYAVONGS et al., 1989). Apesar de muito se saber sobre a pitiose humana, nos
animais a realidade ainda ndo é a mesma. Alguns artigos cientificos em diferentes espécies
animais com pitiose ja citaram lesdo vascular ou hifas na parede de vasos sanguineos
(FRADE et al., 2017; MARTINS et al., 2012; MILLER; CAMPBELL, 1984; RAKICH,;
GROOTERS; TANG, 2005) e, em menor frequéncia, ja foram observadas lesdes vasculares
em estudos experimentais utilizando camundongos (TONDOLO et al., 2017). Recentemente,
em um cdo infectado por Lagenidium giganteum forma caninum, outro oomiceto, foi
observada lesdo cutanea e extensdo da les@o atingindo o encéfalo, com formacdo de trombose
e isquemia local (SHMALBERG et al., 2020).
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3 ARTIGO 1 - CARACTERIZATION OF THE VASCULAR

LESIONS OF GASTROINTESTINAL AND CUTANEOUS
PYTHIOSIS IN DOGS

Artigo a ser submetido a revista Journal of Comparative Pathology.
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Summary
Pythiosis is an infectious disease caused by the oomycete Pythium insidiosum that primarily
affects dogs, horses, cattle and humans. It can cause severe vascular lesions in humans,
leading to aneurisms and ischaemic injuries. Although vascular lesions have been observed in
animals on occasion, they are rarely described in detail. The current study aimed to
characterise the vascular lesions associated with spontaneous canine pythiosis
(gastrointestinal and cutaneous clinical forms). Moreover, a total of 18 cases of canine
pythiosis were studied retrospectively. To better visualise hyphae inside the vascular lesions,
the modified Grocott’s methenamine silver (GMS) method with haematoxylin as a
counterstain was used. In addition, the immunohistochemistry (IHC) technique for Pythium
insidiosum was used to confirm the aetiology. A histological reassessment of the lesions
revealed that vasculitis, accompanied by intralesional hyphae, was a very common lesion,
predominantly in the arteries. Furthermore, hyphae usually followed the direction of the
arterial wall fibres. Along with hyphae, the marked inflammatory infiltrate in the vessel wall
extends to adjacent tissues, resulting in perivasculitis. These findings suggest that hyphae may
use the blood vessel wall as a pathway and that the perivascular inflammatory reaction allows

hyphae to spread to adjacent tissues and organs via contiguity.

Keywords: Pythium insidiosum; Dog; Angioinvasion; Dissemination

Introduction
Pythiosis is a chronic inflammatory disease caused by the oomycete Pythium insidiosum (De
Cock et al., 1987). Infectious forms of this oomycete (mobile biflagellate zoospores) are
released from aquatic plants and have chemotaxis generated by plants, hair and wounds of

animals and humans, fixing and emitting a germinative tube that invades tissues
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(Sathapatayavongs et al., 1989; Mendoza et al., 1993; Grooters, 2003). The lesions are
thought to develop as a result of mobile zoospores coming into contact with the skin or
mucous membranes containing previous microlesions (Mendoza et al., 1993; Grooters, 2003).

Dogs primarily develop the gastrointestinal (GI) form and, less frequently, the
cutaneous form (Grooters, 2003), with rare reports of both forms coexisting (Rech et al.,
2004). In the GI form, the probable sites of entry and colonisation of the agent are the gastric
and/or intestinal mucosae. The oomycete may spread from these primary organs to the
pancreas, mesenteric lymph nodes (Miller, 1985; Fischer et al., 1994; Rodrigues et al., 2006),
liver (Frade et al., 2017) and uterus (Miller, 1985; Frade et al., 2017) on rare occasions.

Humans have a higher prevalence of cutaneous and arterial lesions in the lower limbs
(Sathapatayavongs et al., 1989), and only in this species, is the migration of hyphae through
the artery wall of the affected limbs recognised as an important part of the pathogenesis and
spread of the disease (Sathapatayavongs et al., 1989; Reanpang et al., 2015). According to
studies published in the veterinary literature, oomycete lesions may spread to other organs via
extension or a lymphatic pathway (Miller, 1985; Frade et al., 2017). Only in a few studies in
domestic and experimental animals was the presence of hyphae in the lumen or on the wall of
blood vessels mentioned, but without going into detail about the possible role of
angioinvasion in disease pathogenesis (Miller and Campbell, 1984; Rakich et al., 2005; Frade
et al., 2017; Tondolo et al., 2017; Verdi et al., 2018; Souto et al., 2020). Studies on
Lagenidium giganteum infection in dogs demonstrated the ability of the agent to invade
adjacent organs, as well as an angioinvasive characteristic (Grooters et al. 2003; Shmalberg et
al., 2020).

The purpose of this study was to characterise the histological vascular lesions of
spontaneous canine pythiosis. We believe that this research will contribute to a better

understanding of disease pathogenesis, with emphasis on the various ways hyphae
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spread/propagate in an infected organ. Our main hypothesis is that hyphae use the blood

vessel wall as a pathway to spread the lesions through contiguity.

Materials and Methods
Sample Characteristics
A total of 18 cases of canine pythiosis diagnosed at the Laboratério de Patologia Veterinaria
(LPV) of the Universidade Federal de Santa Maria (UFSM)-RS, Brazil, were reviewed
retrospectively. Moreover, six cases were submitted as biopsy specimens, three were
histopathological examinations of necropsy samples (performed outside the LPV-UFSM), and
nine were necropsied in the LPV-UFSM.

In each case, the clinical forms, location of the lesions and pattern of tissue
inflammation were studied. Moreover, histopathological analysis was used to determine
inflammatory patterns, which were classified into pyogranulomatous (PG), granulomatous
(G) and necro-eosinophilic (NE), according to the literature (Martins et al., 2012).

According to Gabriel et al. (2008) and modified by Martins et al. (2012), the aetiology
of all cases in this study was previously confirmed by the immunohistochemistry (IHC) for
Pythium insidiosum using a polyclonal antibody made in rabbit. The specificity of the reagent
was confirmed as previously described (Martins et al., 2012). Microbiological culture
confirmed P. insidiosum in three cases (Cases 13, 15 and 18), and one case (Case 15) was
submitted to polymerase chain reaction (PCR). A total of eight cases were part of other
publications: Rech et al., 2004 (Case 13); Rodrigues et al., 2006 (Case 15); Trost et al., 2009

(Cases 5, 10, 13, 15 and 16); and Martins et al., 2012 (Cases 2, 3, 5, 6, 10, 13, 15 and 16).

Techniques Utilised
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All samples were fixed in 10% buffered formaldehyde before being processed routinely for
histopathology. For histopathologic reassessment of the lesions, serial or semi-serial 3um-
thick sections were cut and stained with haematoxylin and eosin (HE) technique. Grocott’s
methenamine silver stain (GMS) was applied to additional sections. This technique was
performed in accordance with the manufacturer’s recommendations (Grocott kit, EasyPath),
with modification of the counterstaining, using Harris’ haematoxylin (for 90 seconds), to
facilitate visualisation and to determine the location of the P. insidiosum hyphae in the
vascular wall (distinguishing the affected layers, when possible) or in the lumen of blood

vessels.

Characteristics of Vascular Lesions

To characterise vascular lesions, the types of affected vessels (arteries, veins and lymphatic
vessels) were identified according to pre-established histological patterns (Aughey and Frye,
2001; Junqueira and Carneiro, 2013). The presence of vascular and/or perivascular
inflammation was determined, and the extent of the lesion in the segmental or circumferential
vascular wall was assessed. Furthermore, histochemical techniques were used to distinguish
the presence of hyphae in the vascular wall and/or lumen, as well as the formation of thrombi.
The presence of fibrinoid necrosis in the vascular wall was also evaluated in all of the cases

studied.

Results
Vascular lesions consistent with vasculitis, detailed in Table 1, were observed in the
vast majority of cases (15/18) and occurred regardless of the inflammatory pattern (PG, G or
N-E). These changes primarily affected the artery wall (arteritis) (14/18) and, less frequently,

the veins (phlebitis) (9/18). Vascular inflammation was either circumferential (13/18) or
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segmental (11/18). Figures 1-6 show illustrations referring to microscopic lesions. There
were no changes in lymphatic vessels in the sections analysed.

The predominant inflammatory infiltrate was pyogranulomatous (16/18), followed by
necro-eosinophilic (12/18) and granulomatous (11/18). When seen within or on the vascular
wall, hyphae were intact but disintegrated when seen inside the giant cells. Concomitantly, the
same inflammation pattern was occasionally seen surrounding blood vessels, characterising
perivasculitis with adventitial destruction. Perivasculitis could also be circumferential (13/18)
or segmental (12/18).

Thrombosis was another common vascular lesion, characterised by the formation of
fibrin thrombi interspersed with leukocytes and erythrocytes in the arterial (9/18) and venous
(5/18) lumens. In Case 18, the thrombi (also visible grossly) were adjacent to the necrotic
(ischaemic) areas, which were characterised by segmental rupture of the intestinal wall.
Hyphae were seen inside venous and arterial thrombi in only two cases (2/18). Fibrinoid
necrosis was rarely observed (3/18), and it was characterized by the deposition of strongly
hyaline and dense eosinophilic material (fibrin) over the wall of small- and medium-calibre
arteries, which could extend to tissue adjacent to the affected blood vessel.

The presence or absence of hyphae in the wall and/or in the vascular lumen was
determined using HE and GMS techniques (modified). Both techniques showed a higher
concentration of hyphae in the vascular wall than in the lumen, as shown in Table 2. Using the
HE technique, the profiles of hyphae were observed in the walls of arteries (6/18) and veins
(2/18) and only in three cases (3/18) in the lumen. Moreover, the GMS method improved
visualization of hyphae, stained in black or dark brown within the artery (13/18) or venous
(5/18) walls, as well as in the vascular lumen (7/18). In one case (Case 4), hyphae were
observed inside peripheral nerves among the skeletal muscle of the skin sample sent. In cases

where there was high concentration of hyphae in the sample, hyphae were also found within
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the wall and lumen of apparently normal blood vessels. In three cases (3/18), no lesions or
hyphae were observed in the blood vessel wall, but in these cases, the samples were sparse,
with only a small amount of tissues submitted for analysis.

Clinically, 13 of the 18 cases (72.22%) had the GI form, 4 (22.22%) had the cutaneous
form, and 1 (5.56%) had both forms. Table 2 shows the clinical form and lesion location for
each dog. The cutaneous lesions corresponded to skin biopsies that contained nodules or
masses. Sometimes they were ulcerated, with a multilobular appearance that was greyish, soft
or firm. On the cut surface, multifocal yellowish and irregular nodules interspersed with
greyish-white material were occasionally seen.

In the GI form, the large and the small intestines were affected in six cases each. In
general, the intestinal lesions were segmental, with irregular masses predominantly affecting
the submucosal, muscular and serous layers. The lesions generally extended to the region of
the mesenteric insertion, resulting in swollen triangular areas. In all cases, the mucosa was
preserved.

In ten cases, the mesentery was also affected. In one case (Case 18), mesenteric
thrombi with necrosis of the adjacent intestinal segment were macroscopically observed (Fig.
7). The stomach was affected in two cases by diffuse or segmental wall thickening. In five
cases, mesenteric lymph nodes (MLNs) were affected and presented increase in volume,
forming masses that hindered nodal delimitation. In two cases of biopsies involving MLNs,
the segment of the intestine submitted did not show macroscopic or histological changes.

In three of the cases, the pancreas was affected, and in Case 17, there was diffuse
pancreatic atrophy (secondary to granulomatous inflammation with fibrosis). All cases with
pancreatic involvement had small intestine affected. Moreover, two dogs had the liver
affected. Lesions were located in the region of the hepatic hilum and on the free edge of the

left medial hepatic lobe. The large intestine was primarily affected in both dogs involved.
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Microscopically, the inflammatory patterns PG, G and NE of the respective cases were
determined, in order of prevalence (Table 1). In all these patterns, negative profiles of
intralesional hyphae were observed, which could present mild basophilia and were
characterized by longitudinal or transverse sections with diameters ranging from 5 to 10um,
variable length, almost parallel walls, rare septations and ramifications. The orientation of the
hyphae within the vascular wall varied, but they were predominantly in the same direction as

the smooth muscle fibres (Fig. 8).

Discussion

The purpose of this study was to characterise the histological vascular lesions of
spontaneous canine pythiosis Additionally, vascular lesions were compared with what is
described in humans (Imwidthaya et al., 1994; Reanpang et al., 2015). The presence of
hyphae in the vascular wall of cases of pythiosis in humans is well recognized as an important
part of the pathogenesis and spread of disease, which is not well understood in animals. Our
data suggest that hyphae migrate locally via the blood vessel wall, which contributes to a
better understanding of the pathogenesis of this disease in animals.

In the 18 cases of canine pythiosis evaluated in this study, there were no hyphae in the
lymphatic vessels. However, the involvement of MLNs probably occurred in two ways:
associated with intestinal injuries and as injuries apparently restricted to MLNs. According to
the literature, hyphae can spread through lymphatic drainage when MLNSs are involved in the
presence of intestinal lesions. While in lesions confined to mesenteric lymph nodes, germ
tubes and hyphae may form after zoospores adhere to the mucosal surface, and these rapidly
invade the lymphatic system of the mucosa and submucosa, without colonization of the

intestinal wall (Miller, 1985). Although no lesions or hyphae were found in lymphatic vessels
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in this study, this possibility cannot be ruled out since lymphatic drainage was observed by
Miller (1985).

The role of arterial and venous lesions in the pathogenesis and spread of pythiosis in
domestic animals has received less attention than it does in humans. In the literature, vascular
lesions are only mentioned in dogs with pythiosis (Miller, 1985; Trost et al., 2009; Martins et
al., 2012; Frade et al., 2017), horses (Miller and Campbell, 1984) and cats (Rakich et al.,
2005, Souto et al., 2020) and, recently, in experimental models using immunosuppressed
mice (Tondolo et al., 2017) and embryonated chicken eggs (Verdi et al., 2018). Similar to the
current study, vascular lesions such as thrombosis, vasculitis and perivasculitis have also been
described in lagenidiosis, another disease caused by an oomycete (Grooters et al., 2003,
Shmalberg et al., 2020). It is worth noting that in vascular lesions in the present study, an
inflammatory reaction was always observed in the wall, in the outermost layer of the blood
vessels, and adjacent to them (perivasculitis), whether this was circumferential or segmental.
These characteristics suggest that hyphae may use the vascular wall as a path and spread to
tissues and contiguous structures through the extension (contiguity) of the inflammatory
process (Shmalberg et al., 2020). Furthermore, the (peristaltic) movements of the organs
within the abdominal cavity, which favour proximity and contact between organs that are not
contiguous (such as a transcoelomic metastasis), could explain the involvement of different
affected organs in the same case, such as the liver and large intestine (in Cases 11 and 12) or
pancreas and jejunum (in Case 7). A hypothesis for tissue invasion by P. insidiosum would be
the action of the tip of the germ tubes (after encysting) and hyphae, similar to the tip of a
needle, exerting mechanical force on the tissues, which, together with the action of enzymes,
would facilitate invasive growth and tissue colonization (Ravishankar et al., 2001; Gaastra et

al., 2010).
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In the current study, vascular lesions were found primarily in arteries but also in veins.
It is hypothesized that the higher prevalence of arterial lesions can be explained by the greater
amount of elastin found in these structures. Miller and Campbell (1984) described hyphae in
the vascular wall of arteries within equine kunkers, suggesting that they consumed vascular
collagen as a metabolic substrate. In comparison, in Aspergillus fumigatus infections, the
activity of elastase on elastin has already been proven as an important factor in the
pathogenesis of aspergillosis (Blanco et al., 2002), and this component is an important
constituent of the wall of some blood vessels and conjunctive tissue (Junqueira and Carneiro,
2013).

In humans, with the vascular form of pythiosis, hyphae were found on the proximal
and intact surgical margins of affected arteries. This implies that hyphae may use the blood
vessel wall as major route of dissemination (Sathapatayavongs et al., 1989; Reanpang et al.,
2015). Due to the counterstaining with haematoxylin, the use of the modified GMS technique
allowed us to see the hyphae while also determining their location in the tissues. In cases
where there was a large amount of hyphae, they were observed in the walls of apparently
normal blood vessels. These findings support the hypothesis that hyphae use the blood vessel
wall as a route of local dissemination. Although the presence of hyphae in the vascular wall is
common in humans and allows for the invasion of contiguous structures, the mechanism and
reason for the attraction of P. insidiosum hyphae by the blood vessel wall are not yet fully
understood (Sathapatayavongs et al., 1989).

In fungal infections such as zygomycosis and aspergillosis, hyphae frequently invade
the blood vessel wall, causing thrombosis and coagulative necrosis (infarctions), as well as
spreading to other organs as fungal emboli (Uzal et al., 2016; Alves et al., 2020). In this
study, hyphae were observed in most cases in the artery wall and much less commonly in the

lumen of blood vessels or inside thrombi, strongly disadvantaging the occurrence of
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embolism as the main mode of dissemination in dogs, as seen in fungal infections in animals
(Alves et al., 2020), vascular pythiosis in humans (Hurst et al., 2001; Chitasombata et al.,
2018) and lagenidiosis in dogs (Grooters et al., 2003; Shmalberg et al., 2020). However, in
experimental studies inoculating zoospores of P. insidiosum in immunosuppressed mice
(Tondolo et al., 2017) and embryonated chicken eggs (Verdi et al., 2018), hyphae were
observed in the blood vascular wall and lumen, with thrombi formation and probable embolic
dissemination to organs, such as the liver and kidney (in mice). This fact indicates that there
are major differences in the pathogenesis of pythiosis between species.

In one of the cases in this study, thrombi in the mesentery blood vessels probably led
to ischaemia, resulting in necrosis and rupture of adjacent portions of the intestine. The
mechanism in this case may be similar to that described by Verdi et al. (2018), in which
thrombi prevented oxygenation and exchange of nutrients into the yolk sac, leading to the
death of embryos. Therefore, while less common than vasculitis, the formation of
intravascular thrombi is also a lesion seen in dogs with pythiosis, which can have serious
consequences (infarctions). In humans, the development of thrombi and aneurysms in arteries
causes serious consequences, such as necrosis and amputation, mainly of lower limbs
(Imwidthaya, 1994; Reanpang et al., 2015).

Based on the characterisation of vascular lesions and the visualization of P. insidiosum
hyphae in the dogs of this study, it was possible to hypothesize that hyphae use the blood
vessel wall as a propagation route. Thus, the hyphae would use the vascular wall as a
framework, and the intense inflammatory reaction adjacent to these vessels (perivasculitis)
would allow the lesions, together with the hyphae, to spread by extension (contiguity) and
could also reach other organs when associated with peristaltic movements. The presence of
hyphae mainly in artery walls and, to a lesser extent, in the vascular lumen or

thrombidisadvantage the occurrence of embolism, which may explain the scarcity of cases
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with disseminated lesions. Such characteristics continue to highlight the significant
differences between the species affected by pythiosis, reinforcing the need for comparative

studies.
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Table 1
Histomorphological characteristics and angioinvasiveness of canine pythiosis
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A, artery; V, vein; L, lymphatic; C, circumferential; S, segmental; H, (HE; haematoxylin and eosin); G, (GMS; Grocott); +, present;

-, absent; 1, fibrinoid necrosis; 2, presence of hyphae in thrombhus.
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Clinical presentation, location of lesions and inflammation pattern of canine pythiosis

Clinical . Inflammation
Case . Location a
presentation pattern
1 Cutaneous Skin PG
2 Cutaneous Skin (abdomen, foreskin and penis) PG/N-E/G
3 Cutaneous Skin (chest, thorax and forelimb) PG/G/N-E
4 Cutaneous Skin, Subcutaneous and adjacent musculature PG
5 Gl MLN PG/N-E/G
6 Gl LI (colon and rectum) and mesentery N-E
7 Gl SI (jejunum), mesentery and pancreas PG/G
8 Gl MLN PG/G/N-E
9 Gl LI (colon) PG/N-E/G
10 Gl Sl, mesentery and MLN PG/G
11 Gl LI (colon) and liver PG/G/N-E
12 Gl LI (cecum and colon), mesentery and liver N-E
13 Gl / Cutaneous LI (colon and rectum), mesentery and lip PG/G/N-E
14 Gl LI (rectum) and mesentery PG
15 Gl SI (duodenum and jejunum), mesentery, pancreas PG/N-E/G
and MLN
16 Gl Stomach, Sl (duodenum) and mesentery PG
17 Gl Stomach, SI (duodenum), mesentery and G/N-E/PG
pancreas
18 Gl MLN, mesentery and S| (duodenum) PG/ NE

2 inflammatory patterns are in decreasing order of frequency; PG, pyogranulomatous; N-E, necro-eosinophilic; G, granulomatous; Gl,

gastrointestinal; MLN, mesenteric lymph nodes; L1, large intestine; SI, small intestine.
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Fig. 1. The formation of fibrin thrombus y (asterisk). Haematoxylin and eosin
staining does not reveal hyphae in the vascular wall or lumen (Case 4). HE. Bar, 20pum

) - S ™ = "Ym Lot Ll w, )
Fig. 2. The same blood vessel as in Fig. 1, with hyphae and collagen fibres in a
transversal direction. Note a hyphae, stained with silver in dark brown (arrowhead),
entering the vascular lumen, and the formation of fibrin thrombus (asterisk) (Case 4).
Modified GMS. Bar, 20um
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; .& - 3 - A (oL
Fig. 3. Circumferential pyogranulomatous arteritis with marked pyogranulomatous
inflammation around the affected blood vessel (periarteritis) (Case 7). HE. Bar, 100um

a7 AP

Fig. 4. Note the hyhae stained in dark brown by silver. There is intense perivascular
inflammation that spreads to adjacent tissue (perivasculitis) (Case 7). Modified GMS.
Bar, 20um
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Fig. 5. Artery with segmental granulomatous inflamatin (segmental vasculitis). Note
how the inflammation extends to the tissue adjacent to the blood vessel wall (Case 11).
HE. Bar, 100um

Fig. 6. Artery W|th segmental arteritis. The hyphae stalned in dark brown by silver
(arrow red), and inflammation extends from the vascular wall to the perivascular tissue
(segmental perivasculitis) by contiguity. Note that there is a focal area of the arterial
wall that is still intact (red asterisk) (Case 18). Modified GMS. Bar, 100um
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Fig. 7. The small intestine with diffuse redness of the intestinal wall and mesentery.
Note the extensive area of wall rupture (ischaemic necrosis) caused by thrombosis of
the jejunal arteries of the mesentery (Case 18)

Fig. 8. Numerous hyphae stained in dark bern by S|Iver in a Iongltudlnal dlrectlon
parallel to the direction of the fibres of the artery wall (Case 4). Modified GMS. Bar,
20pum
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4 ARTIGO 2 - ENVOLVIMENTO VASCULAR NA
FORMACAO DOS KUNKERS NA PITIOSE EQUIDEA

Artigo a ser submetido, apds traducéo, para a revista Veterinary Dermatology.
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Envolvimento vascular na formacao dos kunkers na pitiose

equidea

T. M. Silva*, E. C. Lamego*, M. M. Flores**, L. F. Irigoyen**, A. F.
M. Dantas***, G. J. N. Galiza***, R. A. Fighera** and G. D.

Kommers™**

*Programa de Pés-Graduacdo em Medicina Veterinaria (PPGMV), **Laboratério de
Patologia Veterinaria, Departamento de Patologia, Universidade Federal de Santa
Maria (UFSM).

**Universidade Federal de Campina Grande (UFCG), Campus Patos, Paraiba, PB,
Brasil.

CORRESPONDENCE: G.D. Kommers [glaukommers@yahoo.com]. Laboratério de
Patologia Veterinaria (LPV), Departamento de Patologia, Centro de Ciéncias da
Saude, UFSM, Av. Roraima n°1000, CEP 97105-900, Santa Maria, RS, Brasil.

Contexto - Pitiose € uma doencga infecciosa causada pelo oomiceto
Pythium insidiosum, que dentre os animais, acomete principalmente
0s equinos. A importancia das lesdes vasculares em humanos é bem
conhecida. Porém, em equinos, a importancia dessas lesdes ndo esta
bem determinada.

Objetivos - Com o intuito de descrever as lesdes vasculares e de
compreender como os kunkers se formam e se disseminam, foi
realizado este estudo.

Animais - Foram reavaliados histologicamente 27 casos de pitiose
cutanea e subcutanea, sendo 25 em equinos, um asinino e um muar.

Material e métodos - Foi avaliada a presenca de artérias no interior
dos kunkers, assim como a presenca e localizacao das hifas na
parede dos vasos sanguineos e nos kunkers. Para uma melhor
visualizacao das hifas foi empregada a técnica de metenamina-nitrato

de prata de Grocott (modificada).
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Resultados - Foram observadas hifas na parede de artérias e
arteriolas, na periferia dos kunkers e predominando no sentido
longitudinal no interior de fibras coldgenas presentes em alguns
kunkers. Na periferia das artérias afetadas havia formagao de massas
de eosindfilos degenerados circundando-as, caracterizando
periarterite eosinofilica.

Conclusao e importancia clinica - Estes achados sugerem que as
hifas inicialmente utilizem a parede das artérias para a progressao
local das lesbes, e que em seguida se disseminem de forma
centrifuga em direcdo a periferia dos kunkers, utilizando as fibras
colagenas. Estes achados podem explicar a observagao macroscopica
de kunkers ramificados, semelhantes a ramificacdo de vasos

sanguineos.

Introducao

Pitiose é uma doenca infecciosa causada pelo oomiceto Pythium
insidiosum, que acomete humanos e diferentes espécies animais. Os
equinos sdo a espécie animal mais acometida pela pitiose e
desenvolvem lesdes cutdneas como sua apresentagdo clinica mais
comum.! As patas e a regido abdominal ventral sdao os locais mais
acometidos.? Acredita-se que a presenca de lesdes prévias na pele
predisponha a fixacdo dos zodsporos, ao encistamento e a penetragao
das hifas nas camadas mais profundas da pele.? Em seguida inicia-se
um processo inflamatério exacerbado, estimulado por linfocitos Th2,
que incitardao o recrutamento de eosindfilos (via interleucina-5) e,
consequentemente, a abundante desgranulacao sobre as hifas.* O
acumulo de eosindfilos integros e degenerados forma massas
denominadas kunkers, as quais ocorrem unicamente em equideos. Os
kunkers tém formato irregular e ramificado, sao amarelos e fridveis,

e se localizam no interior de tratos fistulosos.2 No interior dos
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kunkers foi descrita a presenca de pequenas artérias degeneradas.>:®
Geralmente nao sao observadas hifas no tecido fibrovascular entre os
kunkers, somente no interior deles.®

Enquanto em humanos estd bem estabelecida a forma clinica
vascular, onde as hifas utilizam a parede de artérias para migrar,
desenvolvendo aneurismas, trombos e émbolos que levam a necrose
isquémica e amputacdao de membros,’® em animais, a ocorréncia e
importancia das lesOes vasculares €& pouco investigada e
caracterizada. No entanto, lesGes vasculares ja foram observadas em
equinos®, gatos® e caes®10,

O objetivo deste estudo foi investigar o possivel envolvimento
dos vasos sanguineos na formacao dos kunkers e na disseminagao
das hifas, com consequente progressao local das lesOes

cutaneas/subcutaneas em equideos.

Material e Métodos

Foram estudados 27 casos de pitiose cutdnea e subcutanea,
provenientes de necropsias e bidpsias de 25 equinos, um muar e um
asinino, diagnosticados nos Laboratérios de Patologia Veterinaria da
Universidade Federal de Santa Maria (23 casos), Brasil e da
Universidade Federal de Campina Grande (4 casos), campus Patos,
Paraiba, Brasil. A etiologia de todos os casos deste estudo foi
previamente confirmada pela técnica de imuno-histoquimica (IHQ)
para P. insidiosum®:12 utilizando anticorpo policlonal anti-P. insidiosum
produzido em coelho.

Todas as amostras foram previamente fixadas em formol
tamponado a 10%, processadas rotineiramente para histopatologia e
emblocadas em parafina. SecOes seriadas ou semi-seriadas, com 3um
de espessura, foram cortadas e submetidas a técnica de hematoxilina

e eosina (HE), para reavaliacdo das lesbes, e a técnica de
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metenamina-nitrato de prata de Grocott (GMS). Tal técnica foi
realizada conforme recomendagdoes do fabricante (kit Grocott,
EasyPath), com modificacao da contra-coloracao, utilizando-se a
hematoxilina de Harris (por 90 segundos), a fim de facilitar a
visualizacao e determinar a localizagdao das hifas de P. insidiosum no
interior dos kunkers. Foi investigada a presenca de vasos sanguineos
nos kunkers e a distribuicao das hifas na parede dos vasos. A
projecao das hifas para a periferia dos kunkers, e a presenca destas

nas fibras colagenas remanescentes, também foi investigada.

Resultados

Os kunkers caracterizaram-se macroscopicamente como massas
amarelas, fridveis, com formato irregular ou com aparéncia tubular,
de diferentes tamanhos, muitas vezes ramificando-se e lembrando a
anatomia de um vaso sanguineo (Figura 1). Microscopicamente, os
kunkers eram constituidos por eosindfilos integros ou degenerados,
circundados por tecido fibrovascular e, raramente, por células
gigantes multinucleadas.

Dos 27 casos estudados, foram observadas arteriolas e/ou
artérias integras ou degeneradas no interior dos kunkers em 17 casos
pela técnica de HE e em 21 pela técnica de GMS. Em seis casos nao
foram observados vasos sanguineos nos kunkers. Hifas na parede
destes vasos foram observadas em 13 casos pela técnica de HE
(imagens negativas) e em 18 pela técnica de GMS. Foram, por vezes,
observadas hifas que se projetavam levemente em direcdo ao limen
vascular, porém sem formacdo de trombos. Na periferia  destas
artérias, havia formacao de massas de eosindfilos degenerados
circundando-as, caracterizando periarterite eosinofilica (Figura 2).

As hifas localizavam-se predominantemente na periferia dos

kunkers e, em 24 casos, observavam-se hifas se projetando para fora
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dos kunkers, em direcao centrifuga, conforme a Figura 3. Em alguns
casos era possivel observar o tecido fibrovascular adjacente ao
kunker, moldado conforme a morfologia e crescimento do mesmo
(Figura 4). Em alguns casos, foram observadas poucas hifas isoladas
no pequeno espaco claro que separava o kunker do tecido
fibrovascular adjacente (Figura 5). Foram observados também
pequenos grupos de eosinofilos necréticos, com ou sem hifas
intralesionais, préximos ao kunker principal, assemelhando-se a um
kunker em fase inicial de desenvolvimento.

Em 24 de 27 casos, foram visualizadas hifas em fibras
colagenas degeneradas (colagendlise) no interior dos kunkers. A
determinacao do sentido das hifas foi mais facilmente observada pela
técnica de GMS. As hifas estavam principalmente em sentido

longitudinal (22 casos), isoladas ou em agregados (Figura 6).

Discussao

Os achados macroscopicos, histopatoldogicos e histoquimicos
permitem sugerir o envolvimento vascular na formacao dos kunkers
na pitiose cutanea/subcutanea equidea. As principais evidéncias sao:
a) o formato tubular e ramificado dos kunkers macroscopicamente
(semelhante a ramificacao vascular); b) a presenca, nos kunkers, de
artérias contendo hifas na parede e a intensa inflamagao eosinofilica
periarterial; e c) a presenca de hifas somente nos kunkers e
projetando-se nestes de forma centrifuga. Isso permite teorizar que
apos infiltrar a derme, as hifas adentram a parede de
artérias/arteriolas como possivel mecanismo de migracao das hifas
pela parede do vaso atingido, juntamente com a intensa resposta
inflamatdria de eosindfilos, formam as concrecdes tubulares

ramificadas denominadas de kunkers.
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No interior das lesdes de pitiose equina, ha concrecdes/massas
amarelas e fridveis com formatos irregulares, semelhantes a corais
marinhos, denominadas kunkers.> Durante a dissecacao dos kunkers,
em alguns casos do presente estudo, evidenciou-se que eles
tomavam uma aparéncia tubular, com ramificagdes, lembrando vasos
sanguineos. Essas caracteristicas provavelmente se tornem mais ou
menos proeminentes, conforme o estagio da doenca. Este achado
fortalece a hipdtese de que os vasos sanguineos sejam estruturas
essenciais (como um arcabougo) na formagao dos kunkers e na
propagacdo das hifas (como um caminho) na pitiose cutanea de
equideos.

Microscopicamente, os kunkers sao formados por grande
quantidade de eosindfilos (principalmente degenerados) e hifas, e
ficam no interior de tratos fistulosos circundados por tecido
fibrovascular. Assim como observado no presente estudo, na
literatura foi descrita a presenca de pequenas artérias degeneradas
no interior dos kunkers,> porém, a frequéncia da presenca de hifas,
sua localizacao e orientagcdo em meio a essas artérias ndo haviam
sido previamente intestigadas até o momento. A maior observacao de
artérias pela técnica de GMS, possivelmente se deu pela melhor
observacdo do arranjo concéntrico das fibras de coldgeno dos vasos,
também impregnadas pela prata.

A presenca de hifas na parede de artérias neste estudo,
fortalece a hipotese de que elas utilizariam a parede dos vasos
sanguineos para se guiar e migrar localmente, a semelhanga do que é
descrito na forma clinica vascular em humanos.”2 Em paralelo,
iniciaria-se um processo inflamatorio, com o recrutamento abundante
de eosindfilos,* visto neste estudo como periarterite eosinofilica em
lesdes iniciais. Haveria o0 aumento progressivo do tamanho
(diametro) dos kunkers, em decorréncia de as hifas migrarem para a

periferia destes, orientando-se de maneira centrifuga. Esse conjunto
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de observacdes explicaria o porqué de alguns kunkers terem formato
de ramificacdbes de vasos sanguineos, quando dissecados. Foram
ainda observados pequenos kunkers isolados em meio ao tecido
fibrovascular, sem uma aparente continuidade entre si ou com
kunkers maiores, e sem vasos intralesionais aparentes. E possivel
gue esses kunkers sejam pequenas projecoes de kunkers proximos,
que devido ao corte tangencial feito durante o processamento do
tecido e do corte histoldgico, tenham ficado separados da massa
principal.

A auséncia de hifas isoladas em meio ao tecido fibrovascular
que circunda os kunkers corrobora com a possibilidade de que os
kunkers tenham ligagdo entre si (utilizando as artérias e suas
ramificagdes como arcabougo) e que o seu desenvolvimento ndo é
aleatério. E possivel que as hifas necessitem de estruturas que
contenham colageno, como a parede dos vasos sanguineos ou as
fibras coldgenas remanescentes do tecido afetado como substrato
metabdlico.”> Esse tropismo por colageno parece existir para muitos
fungos verdadeiros, o que por exemplo faz com que hifas fungicas
predominem sempre préximas a membrana de Descemet em equinos
com ceratites micdticas, ndo sendo encontradas com muita
frequéncia na camara anterior do olho, mesmo em casos com
perfuracdo de cérnea.!?

Outro aspecto observado neste estudo é a presenga ocasional
de hifas no Iimen de artérias no interior dos kunkers, sem aparente
ocorréncia de embolismo para outros 6rgdos, fato investigado mais
detalhadamente em equinos que haviam sido submetidos a
necropsia. Esta observacao vem ao encontro de haver poucos casos
de pitiose equina com lesdes distantes ou disseminadas na
literatura.l3 LesOes isquémicas por oclusdo arterial por pitiose em
humanos sdo frequentemente relatadas.27:8:15> A falta de dados com

relacdo a ocorréncia e as consequéncias de lesGes vasculares em
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animais com pitiose pode se dar pelo menor uso de exames de
angiografia, que sdao amplamente utilizados em humanos.?2

Os achados desse estudo sugerem que infeccao de artérias seja
um evento importante na formacao dos kunkers e na sobrevivéncia

das hifas em equideos com pitiose cutanea/subcutanea.
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Figura 1. Kunker dissecado com formato tubular e ramificagdes irregulares,
semelhante a um vaso sanguineo.
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Flgura 2a. Arterla central de aparenC|a degenerada e acentuada quantldade de
eosindfilos degenerados adjacentes a artéria, formando um kunker. HE.

Figura 2b. Artéria central com formagao de kunker adJacente Na periferia do
canto inferior esquerdo do kunker (seta preta) é possivel observar numerosas hifas
impregnadas pela prata, melhor observadas no detalhe. GMS-modificado.
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Figura 3. Imagem da borda de um kunker com numerosas hifas fortemente
impreghadas em preto pela prata de Grocott, sua maioria em sentido longitudinal.
Observe as pontas das hifas em direcdo a porgao externa dos kunkers. GMS-
modificado.
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Figura 4a. Tecido ibrovasular adjacent ao kunker, oIdado conforme
morfologia e crescimento do kunker. HE.

Figura 4b. Tecido fibrovascular adjacente ao kunker, moldado conforme a
morfologia e crescimento do kunker. Observe as hifas na periferia do kunkers
impregnadas em preto. GMS-modificado.
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2 Figura 5. Presenca de hifas isoladas no espago adjacente ao kunkers. GMS-
3 modificada.

4

5 : . y A ) - .

6  Figura 6. Numerosas hifas no interior de fibras colagenas (setas bréncas), a
7  maioria seguindo o sentido das fibras. GMS-modificada.
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5 ARTIGO 3 - SEGMENTAL ENTERITIS ASSOCIATED
WITH PYTHIUM INSIDIOSUM INFECTION IN A
HORSE

Artigo publicado na Acta Scientiae Veterinariae, 2020, Vol. 48 (Suppl 1):570, 01-
05.
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ABSTRACT

Background: Pythiosis is an infectious disease caused by the oomycete Pythium
insidiosum, with higher occurrence in wetlands and hot climate regions. This
microorganism develops its cycle in aquatic plants, and most cases happen because of
the contact of animals or people with water containing the motile zoospores (infectious
form). Horses are the principal species affected and develop principally cutaneous and
subcutaneous lesions, but the gastrointestinal tract is seldom affected. Humans develop
various forms of pythiosis, such as a vascular form. The objectives of the current study
are to describe an unusual case of intestinal pythiosis, its clinical signs, aspects of
pathogenesis, and diagnosis.

Case: A 13-year-old Crioula mare, from Santa Maria, RS, Brazil, presented with
reduced food and water intake, apathy, restlessness, rolling, nasal reflux, firm abdomen
upon palpation, and tachypnea during 2 days. The horses of this farm were fed native
pasture and horse feed, and they had access to a nearby pond. Two days following the
start of the clinical signs, the horse died and was necropsied on the farm. During
necropsy, there was around 400 ml of reddish effusion in the abdominal cavity
(modified transudate). A 15-cm segment of jejunum was firm upon palpation and had a
severe transmural thickening. The wall of the affected area was up to 3 cm in thickness
and firm, with small yellowish and irregular masses that stood out and looked friable,
interpreted as kunkers. Microscopically, the yellowish masses (kunkers) were
characterized by dense accumulations of intact and degenerate eosinophils (eosinophilic
necrosis). Within these kunkers, and also on their periphery, there were multiple

negatively stained hyphal profiles. Hyphae were also seen on the wall of small arteries
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inside the kunkers. These hyphae had nearly parallel walls and were occasionally
septate, with a diameter of about 10 um. The hyphae stained black with Grocott’s
methenamine silver stain (GMS) and were positive on immunohistochemistry (IHC)
using specific anti-P. insidiosum polyclonal antibody.

Discussion: Colic is the principal clinical presentation in horses suffering from
gastrointestinal tract disorders. In spite of the presence of colic in this horse, intestinal
pythiosis was not clinically suspected in this case, principally because of its rare
occurrence in horses. Even though it is persistent to observe horses ingesting water with
suspected contamination by P. insidiosum, the cutaneous form of pythiosis is a lot more
common than the intestinal form. This is the only case of intestinal pythiosis in a horse
in 52 years of routine diagnosis in our laboratory. It is suspected that this horse got
infected by drinking contaminated water from the nearby pond and microlesions in the
intestinal mucosa due to plant material or some unknown pathogen may have favored
zoospore adhesion, encysting and starting the colonization of the tissue by emitting a
germ tube. A macroscopic observation of kunkers in the intestine is rare, but when
observed it is highly indicative of pythiosis. The immunohistochemistry technique using
anti-P. insidiosum antibody, in accordance with the literature, validates the diagnosis of
pythiosis. In this case, the presence of hyphae in the blood vessel wall inside the
kunkers propose that this finding may be involved in the spread of the lesion but needs

more detailed studies.

Keywords: intestinal pythiosis, horse, oomycete, hyphae, immunohistochemistry.
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INTRODUCTION

Pythiosis is an infectious disease due to the oomycete Pythium insidiosum, with
greater occurrence in wetlands as well as hot climate regions. This microorganism
develops its cycle in aquatic plants, and most cases happen because of the contact of
animals or people with water containing the motile zoospores (infective form) [7].
Horses are the principal species affected and develop principally cutaneous and
subcutaneous lesions, because of their natural habit wherein they stay for long periods
in ponds or lakes. Despite this, the gastrointestinal tract is seldom affected in horses,
which is different in what is seen in the canine species [12]. Probably, the lesion
development occurs by contact of motile zoospores with skin or mucous membranes
that have prior microlesions [7]. Humans develop different forms of pythiosis, such as a
vascular form [10]. The aims of the current study are to describe an unusual case of
intestinal pythiosis, including clinical signs, main lesions, aspects of pathogenesis, and

diagnosis.

CASE

A 13-year-old Crioula mare, from Santa Maria, RS, Brazil, presented with a
reduced food and water intake, apathy, restlessness, rolling, nasal reflux of bloody fluid,
firm abdomen upon palpation, and tachypnea. Two days following the beginning of the
clinical signs, the horse died and was necropsied on the farm. The horses of this farm
were fed with native pasture and horse feed and had access to a nearby pond.

During necropsy, there was around 400 ml of reddish effusion in the abdominal
cavity (modified transudate). A 15 cm segment of the jejunum was firm upon palpation

and had a severe transmural thickening. The wall of the affected area was up to 3 cm in
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thickness and firm, with small yellowish and irregular masses that stood out and looked
friable, which are interpreted as kunkers (Figure 1). The mucosa was also ulcerated with
a darkened luminal surface. Adhesion of the mesentery to the serosa of the affected
segment was noted. Prior to the affected area, the duodenal and jejunal segments
demonstrated wall edema and multifocal petechiae on serosa. The entire small intestine
was filled with bloody fluid content.

Tissue samples were formalin-fixed and routinely processed for histopathology
in the Laboratdrio de Patologia Veterinaria of the Universidade Federal de Santa Maria
(LPV-UFSM). Microscopically, the yellowish masses (kunkers) were distributed
multifocally within the wall of the affected intestinal segment and were characterized by
dense accumulations of intact as well as degenerate eosinophils (eosinophilic necrosis)
(Figure 2). Within these kunkers, and also on their periphery, there were multiple
negatively stained hyphal profiles. These hyphae had nearly parallel walls and were
occasionally septate, with a diameter of around 10 um. The hyphae stained black with
Grocott’s methenamine silver stain (GMS; histokit Grocott [EP-12-20017])! (Figure 3).
Hyphae were also noted on the wall of small degenerate arteries inside of some kunkers
(Figure 4). To confirm the etiology, IHC was conducted using an anti-P. insidiosum
polyclonal antibody?, according to Gabriel et al. [4], modified by Martins et al. [6]. The
hyphae were positive on IHC (Figure 5). In 52 years (1968-2019), 609 horses have

been necropsied in the LPV-UFSM, and this is the only case of intestinal pythiosis.

DISCUSSION
The gross and histological findings of this case were highly consistent with

intestinal pythiosis. The use of hematoxylin and eosin and GMS does not distinguish
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between Pythium insidiosum, Conidiobolus spp., and Basidiobolus spp. hyphae [11].
Therefore, as in this case, the confirmation of the etiology can be made by IHC using
anti-P. insidiosum specific antibody, which has been utilized reliably since 1988 [3] and
is well established by Gabriel et al. [4], Galiza et al. [5], Martins et al. [6], and Ubiali et
al. [11].

The mural thickening of the jejunum of this horse developed severe clinical
signs of colic. This clinical syndrome is the principal clinical presentation in horses with
gastrointestinal tract disorders [1,9]. This is the first case of intestinal pythiosis in a
horse at LPV-UFSM in 52 years, making up 0.16% of the cases. Therefore, in spite of
the presence of colic in this horse, intestinal pythiosis was not clinically suspected in
this case. This fact shows that intestinal pythiosis should be included in the list of
differential diagnoses of colic.

Intestinal masses in live horses must be clinically differentiated from tumors,
foreign bodies, enteroliths, phytobezoars, impactions, intussusceptions, and severe
intestinal inflammation. When macroscopic evaluation excludes foreign bodies and
enteroliths, circumferential masses in the intestinal wall should be distinguished from
neoplasms (lymphoma, adenocarcinoma) and severe intestinal inflammation.
Histopathological analysis of biopsied masses affecting the intestines can help in the
diagnosis of intestinal pythiosis in live animals. In the case of pythiosis, there may be,
in the middle of these masses, small concretions called kunkers [12], as seen in this
case. Cases wherein the animal was submitted to surgery and recovered from intestinal
pythiosis have also been reported [1,8]. But invariably, in some cases, the injury is so

extensive that the animal must be submitted to euthanasia [9].
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The cutaneous form of pythiosis is a lot more common than the intestinal form.
Although it is frequent to observe horses drinking suspected contaminated water by P.
insidiosum, there are a few reports of the latter in the literature [1-3,8,9]. It is suspected
that this horse got infected by drinking contaminated water from the nearby pond;
however, a microbiological evaluation of the water was not performed to validate this
hypothesis.

The pathogenesis of intestinal pythiosis lesions is not well understood [2].
However, it is believed that microlesions on the intestinal mucosa due to plant material
or pathogenic agents may favor zoospore adhesion, encystation, and initiation of tissue
colonization via the emission of a germ tube [7]. In this case, it was not possible to
confirm the pre-existence of microlesions, because the intestinal lesions observed
during necropsy were advanced and would have concealed possible pre-existent
abrasions or ulcers. The formation of kunkers in equine pythiosis is classically seen in
skin lesions and seldom reported in the intestines [1]. Inside some kunkers, hyphae were
also seen on the wall of small arteries. This finding proposes a possible role of the
vascular wall in the spread of pythiosis lesions, as noted in humans, in which vascular
lesions facilitate the dissemination of hyphae [10].

Colic due to intestinal pythiosis is an uncommon finding in horses. However, it
should be included in the differential diagnosis of this condition. In this case, it was
characterized by the presence of segmental enteritis with kunkers, characteristic
histopathological findings, and etiology confirmation by immunohistochemistry. The
observation of hyphae in the artery wall inside kunkers suggest their involvement in the

pathogenesis; however, it needs further detailed studies.
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Figure legends

Figure 1. Cutting surface with thickening of the wall and multiple yellowish masses
near the mucosa (black arrows) and wall edema (white arrow). Ulceration of the
intestinal mucosa (arrow head) is observed. Figure 2. Approximate image of a kunker
(asterisk) showing a dense focus with large numbers of intact and degenerate
eosinophils with eosinophil granules (eosinophilic necrosis). Adjacent to the kunker, an
abundant granulation tissue [hematoxylin and eosin; bar = 50 um] was seen. Figure 3.
Hyphae impregnated in black by silver (arrows) are noted in the peripheral region of a
kunker [GMS; bar = 10 um]. Figure 4. Hyphae impregnated in black (arrows) by silver
in the artery wall inside kunkers [GMS]; bar = 10 um]. Figure 5. A hyphae
immunolabelled (arrow) for polyclonal anti-Pythium insidiosum antibody by

immunohistochemical staining [[HC; bar = 10 um].
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6 DISCUSSAO

Mediante a revisdo dos casos de pitiose canina e equidea desta tese, pode-se
caracterizar as lesdes vasculares e inferir como as lesbes de pitiose evoluem e se
disseminam, comparativamente a pitiose humana, resguardadas as diferencas entre as
espécies acometidas. A avaliagdo deste conjunto de casos permitiu a compilacdo de trés
artigos cientificos (Artigos 1, 2 e 3).

Em todos os trés artigos observaram-se lesdes e/ou hifas na parede de vasos
sanguineos. A técnica de GMS modificada facilitou a observacdo das hifas
intraesionais, a0 mesmo tempo que permitiu determinar a localizacdo das mesmas nos
tecidos, devido a contra-coloracdo com hematoxilina de Harris. Assim, depreende-se
que essa contra-coloracdo pode ser amplamente utilizada na rotina diagndstica. A
atribuicdo das lesdes vasculares na patogénese e a compreensdao das formas de
disseminacdo da pitiose em animais domésticos sdo pouco exploradas, em contrapartida
aos humanos, onde a forma vascular da pitiose € bem conhecida e descrita
(CHITASOMBAT et al., 2018; REANPANG et al., 2015; SATHAPATAYAVONGS et
al., 1989). Na literatura veterinaria, sdo citadas lesGes vasculares em cées (FRADE et
al., 2017; MARTINS et al., 2012; MILLER, 1985), equinos (MILLER; CAMPBELL,
1984), gatos (RAKICH et al., 2005) e em modelos experimentais utilizando
camundongos (TONDOLO et al., 2017) e embrides de pintos (VERDI et al., 2018).
Além disso, lesdes vasculares na lagenidiose, outra doenca causada por oomiceto,
também foram relatadas (SHMALBERG et al., 2020).

Nos 18 casos de pitiose estudados em cdes no Artigo 1, foi frequente a
observacdo de lesbes vasculares, caracterizadas por reacdo inflamatéria na parede, na
camada mais externa dos vasos sanguineos e adjacente aos mesmos (perivasculite),
sendo esta circunferencial ou segmentar, semelhante ao descrito na lagenidiose
(SHMALBERG et al., 2020). Caracteristicas semelhantes foram observadas no Artigo
2, que abrangeu 27 casos de pitiose equidea, no qual foram observados kunkers com
artérias e arteriolas centrais e presenca de hifas na parede. No artigo 2, as hifas
apresentaram crescimento centrifugo, com inflamacdo perivascular eosinofilica e
formagéo dos kunkers. Com base nestas caracteristicas, sugeriu-se que as hifas utilizam

a parede vascular tanto em cées como em equideos, semelhante ao observado em
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humanos (REANPANG et al., 2015; SATHAPATAYAVONGS et al., 1989), como um
arcabouco e um caminho, a partir do qual se disseminam para o proprio tecido e
estruturas contiguas pela extensdo (contiguidade) do processo inflamatorio. Em
humanos, com a forma vascular da pitiose, foram visualizadas hifas na margem
cirargica proximal e aparentemente integra de artérias acometidas (REANPANG et al.,
2015; SATHAPATAYAVONGS et al., 1989). Nos equinos do Artigo 2, semelhante ao
observado na literatura (MARTINS et al., 2012), ndo foram observadas hifas no tecido
fibrovascular que circunda os kunkers. Estas caracteristicas reforcam a hipétese de que
as hifas utilizam a parede de vasos sanguineos como uma importante via de
disseminacdo. Possivelmente a maior utilizagdo de artérias pelas hifas seria pela
utilizacdo do colageno da parede vascular. Comparativamente, em infec¢bes por
Aspergillus fumigatus, ja foi comprovada a atividade da elastase sobre a elastina como
importante fator na patogénese da aspergilose (BLANCO et al., 2002), sendo que tal
compontente € um importante constituinte da parede de alguns vasos sanguineos e do
tecido conjuntivo (JUNQUEIRA; CARNEIRO, 2013).

Uma hipotese para a invasao tecidual por P. insidiosum seria a acdo da ponta dos
tubos germinativos e das hifas, semelhantemente a ponta de uma agulha, exercendo
forca mecéanica sobre os tecidos, que, somado a acdo de enzimas, facilitariam o
crescimento invasivo e colonizagdo tecidual (GAASTRA et al., 2010; RAVISHANKAR
et al., 2001). No Artigo 2, foi possivel observar numerosas pontas de hifas (observadas
em sentido longitudinal) formando projecdes na periferia dos kunkers, além de estarem
presentes no interior de fibras colagenas. Uma caracteristica interessante obervada neste
estudo foi a observacao do tecido fibrovascular que permeia os kunkers sendo moldados
pelo kunker, por vezes, dando a impressdao do tecido sendo empurrado pelos kunkers.
Além disso, hifas foram observadas isoladas no espaco adjacente aos kunkers, com
neutrdfilos e principalmente eosindéfilos, fortalecendo a teoria de que as hifas utilizam a
parede das artérias e que em seguida, em sentido centrifugo, véo na direcdo da periferia
dos kunkers, para expansao dos mesmos.

Tanto nos cdes quanto nos equideos aqui estudados, na maioria dos casos, foram
observadas hifas na parede de artérias e menos comumente no limen dos vasos
sanguineos ou em trombos, desfavorecendo a ocorréncia de embolismo, como forma

principal de disseminagdo das lesdes em cdes e equideos, ao contrario do que é
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obervado em infeccGes flngicas e na pitiose vascular em humanos (CHITASOMBAT et
al., 2018; HURST et al., 2001; KRAJAEJUN et al.,, 2006) e na lagenidiose
(SHMALBERG et al., 2020). Ja em estudos experimentais inoculando zodsporos de P.
insidiosum em camundongos (TONDOLO et al., 2017) e em embrides de pintos
(VERDI et al., 2018), observaram-se hifas na parede, no limen vascular e formacéo de
trombos, com provavel disseminacdo embdlica para 6rgdos (nos camundongos). Estes
fatos apontam para a marcada diferenca entre as espécies na patogénese da pitiose. Em
um dos casos do Artigo 1, foram obervados trombos na raiz mesentérica que
provavelmente levaram a isquemia, com necrose e ruptura de por¢des adjacentes do
intestino. E posssivel que o mecanismo nesse caso seja 0 mesmo descrito por VERDI et
al. (2018) e SHMALBERG et al. (2020), onde os trombos impediram a oxigenacéo e
troca de nutrientes (isquemia). Em humanos, o desenvolvimento de trombos e
aneurismas em artérias provoca consequéncias graves como nhecrose e amputacao
principalmente de membros inferiores (IMWIDTHAYA, 1994; REANPANG et al.,
2015).
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7 CONSIDERACOES FINAIS

Tanto na pitiose canina quanto na pitiose equidea foram observadas lesGes
vasculares, possibilitando assim inferir que as hifas utilizam a parede dos vasos
sanguineos como importante via de disseminacdo. A parede vascular seria um
arcabouco e, a reacdo inflamatdria adjacente a esses vasos, permitiria que as lesGes,
juntamente com as hifas, se propagassem por extensao (contiguidade). A observacédo de
hifas principalmente na parede de artérias e, em menor quantidade no limen vascular ou
em meio a trombos, desfavorecem a possibilidade de disseminacdo do agente por
embolismo, possivelmente, explicando a escassez de casos com lesfes disseminadas.

Na pitiose equina o formato macroscépico tubular e ramificado dos kunkers se
assemelha a ramificacdo de vasos sanguineos. A presenca de artérias contendo hifas na
parede e a intensa inflamagdo eosinofilica periarterial, formando as concrecGes
denominadas kunkers, além da presenca de hifas somente nos kunkers e projetando-se
de forma centrifuga, fortalecem a hipotese de que as hifas utilizam os vasos sanguineos
como um arcabouco e se disseminam por extensao (contiguidade).

Pitiose intestinal € uma forma clinica incomum em equinos e deve ser incluida
como um diagnostico diferencial para casos de colica em equinos. Neste caso, também
foram observadas lesbes vasculares e hifas na parede de vasos sanguineos no interior
dos kunkers.

Tais caracteristicas demonstram as importantes diferencas entre as espécies

afetadas pela pitiose, e reforcam ainda mais a necessidade de estudos comparativos.
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