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RESUMO

NEUROCRIPTOCOCOSE EM CAES E GATOS: ASPECTOS
ANATOMOPATOLOGICOS E MORFOLOGIA FUNGICA

AUTOR: Miguel Dewes Oliveira
ORIENTADORA: Glaucia Denise Kommers

A criptococose ¢ uma infec¢do flngica que acomete comumente caes e gatos, manifestando-se
frequentemente com comprometimento neurolégico. Este estudo teve como objetivo estudar as
caracteristicas neuropatoldgicas da criptococose em nove gatos e dois cdes que foram necrop-
siados no Laboratorio de Patologia Veterinaria (LPV) da Universidade Federal de Santa Maria
(UFSM), e por meio desses dados, elaborou-se o artigo cientifico que compde esta dissertacao.
A metodologia utilizada incluiu a revisao dos laudos de necropsia dos casos diagnosticados com
criptococose envolvendo o sistema nervoso, coletando dados como sexo, raga, idade, sinais
clinicos, localiza¢do das lesdes, macroscopia e histologia. Foi feita a reavaliacao histoldgica
(pela hematoxilina e eosina [HE] e Alzul alciano) para caracterizagdo e localizacdo das lesoes,
morfologia do agente, carga fungica, tipo e intensidade do infiltrado inflamatorio, lesdes no
parénquima nervoso e caracteristicas morfologicas das leveduras. Critérios morfolégicos fun-
gicos, como espessura da capsula e da parede da levedura e frequéncia de brotamentos, foram
analisados em cada caso. Apenas seis casos apresentaram sinais neurologicos, sendo a cegueira
e a inclinagdo da cabega os mais frequentes, além de outros sinais variados, como sincope,
sonoléncia e ataxia. Condigdes debilitantes e imunossupressoras foram detectadas em cinco
casos. Lesdes macroscopicas no sistema nervoso central (SNC) foram encontradas em cinco
casos, apresentando-se como massas irregulares, friaveis, macias, gelatinosas e acinzentadas,
com bordas distintas. Nas secdes analisadas, dentro da disponibilidade de blocos de parafina
para reavaliacdo, os achados histoldgicos revelaram que o cortex telencefalico foi o local mais
acometido do SNC, observado nos 11 casos. Essa regido exibiu maior carga fingica e menor
resposta inflamatdria, em comparacao com outras neurolocalizagdes. Entre as regides corticais,
o cortex frontal foi envolvido em quatro casos, o cortex parietal em seis e o occipital em cinco.
O cerebelo também foi afetado em todos os casos, mas mostrou uma resposta inflamatoria mais
branda e menor carga fingica do que os cortices telencefalicos. Além disso, o envolvimento
pulmonar também foi observado em todos os casos. A intensidade inflamatoria associada as
leveduras no SNC foi predominantemente leve a moderada, sendo acentuada apenas em dois
casos, € a carga fungica foi mais frequentemente moderada ou acentuada, sendo leve em apenas
dois casos. A heterogeneidade observada na resposta inflamatodria e carga fingica revela a na-
tureza complexa desta infec¢do. Outros tecidos nervosos afetados foram o nervo optico e as
raizes nervosas e ginglios da medula espinhal, principalmente em gatos. Em conclusdo, este
estudo mostra as caracteristicas neuropatologicas da criptococose em uma série de casos em
caes e gatos, enfatizando a importancia de considerar neurolocaliza¢des especificas nesta infec-
¢do fungica. Além de contribuir para uma melhor compreensdao do envolvimento simultaneo
dos sistemas respiratorio € nervoso.

Palavras-chave: criptococose, histoquimica, sistema nervoso, neurolocalizacao.



ABSTRACT

NEUROCRYPTOCOCCOSIS IN DOGS AND CATS: ANATOMOPATHO-

LOGICAL ASPECTS AND FUNGAL MORPHOLOGY
AUTHOR: Miguel Dewes Oliveira
ADVISOR: Glaucia Denise Kommers

Cryptococcosis is a fungal infection that commonly affects dogs and cats, often manifesting
with neurological signals. This study aimed to access the neuropathological characteristics of
cryptococcosis in nine cats and two dogs that were necropsied at the Laboratorio de Patologia
Veterinaria (LPV) of Universidade Federal de Santa Maria (UFSM), and using these data, it
was compiled the scientific article that composes this dissertation. The methodology used in-
cluded the review of the necropsy reports of cases diagnosed with cryptococcosis involving the
nervous system, collecting data such as sex, breed, age, clinical signs, location of the lesions,
macroscopy and histology. Histological reevaluation was performed (using hematoxylin and
eosin [HE] and Alcian Blue) to characterize and locate the lesions, morphology of the agent,
fungal load, type and intensity of the inflammatory infiltrate, lesions in the nervous parenchyma
and morphological characteristics of the yeasts. Fungal morphological criteria, such as capsule
and yeast wall thickness and budding frequency, were analyzed in each case. Only six cases
presented neurological signs, with blindness and head tilt being the most common, in addition
to other varied signs, such as syncope, drowsiness and ataxia. Debilitating and immunosuppres-
sive conditions were detected in five cases. Macroscopic lesions in the central nervous system
(CNS) were found in five cases, presenting as irregular, friable, soft, gelatinous and grayish
masses, with distinct borders. In the sections analyzed, within the availability of paraffin blocks
for reevaluation, the histological findings revealed that the telencephalic cortex was the most
affected site in the CNS, observed in the 11 cases. This region exhibited a higher fungal load
and lower inflammatory response, compared to other neurolocations. Among the cortical re-
gions, the frontal cortex was involved in four cases, the parietal cortex in six and the occipital
cortex in five. The cerebellum was also affected in all cases, but showed a milder inflammatory
response and lower fungal burden than the telencephalic cortices. Furthermore, pulmonary in-
volvement was also observed in all cases. The inflammatory intensity associated with yeasts in
the CNS was predominantly mild to moderate, being accentuated in only two cases, and the
fungal load was more frequently moderate or severe, being mild in only two cases. The hetero-
geneity observed in the inflammatory response and fungal burden reveals the complex nature
of this infection. Other affected nervous tissues were the optic nerve and the nerve roots and
ganglia of the spinal cord, mainly in cats. In conclusion, this study shows the neuropathological
features of cryptococcosis in a series of cases in dogs and cats, emphasizing the importance of
considering specific neurolocations in this fungal infection. In addition to contributing to a bet-
ter understanding of the simultaneous involvement of the respiratory and nervous systems.

Keywords: cryptococcosis, histology, nervous system, neurolocalization.



SUMARIO

TINTRODUCGAO. ... e, 9
2 REVISAO BIBLIOGRAFICA .......oooiiiiiei e, 11
2.1 CONSIDERACOES GERAIS SOBRE O GENERO CRYPTOCOCCUS................ 11
22 PATOGENESE ... 12
2.3 SINAIS CLINICOS E ALTERACOES MACROSCOPICAS.....c.oveeeeeeerereeeeenn 15
2.4 NEUROCRIPTOCOCOSE ... ettt e, 17
2.5 HISTOPATOLOGIA ..o, 18

3 MANUSCRITO - Neurocryptococcosis in Dogs and Cats Anatomopathological
and Fungal Morphological Aspects in a case series..............ccccccoevvveeriieenieennieeenen. 21
4 CONCLUSAO. ......ooiiiiiiiii e, 36

S REFEREINCIAS . ..o 37



1 INTRODUCAO

A ocorréncia de doengas fungicas em humanos e animais domésticos tem sido cada vez mais
relatada nos ultimos anos, possivelmente devido ao aumento de terapias imunossupressoras ¢ mudan-
cas climaticas (SEYEDMOUSAVI, 2018; GUARNER; BRANDT, 2011). Dentre as micoses mais
frequentes, a criptococose emergiu como uma infecgao fungica com significativa letalidade e morbi-
dade. Apresentando-se tipicamente como meningoencefalite, muitas vezes ¢ secundaria a processos
cutdneos ou pulmonares e pode ocorrer tanto em individuos imunocompetentes quanto em imu-
nocomprometidos (EGHWRUDJAKPOR; ALLISON, 2009; LACAZ et al., 2002). Recentemente, foi
sugerido que infecgdes fingicas, como a criptococose, podem desempenhar um papel importante nas
infec¢des secundarias causadas pelo novo Coronavirus (SARS-CoV-2) em humanos, devido ao au-
mento da suscetibilidade causada por esta doenga. Isso pode resultar no agravamento dos sintomas
respiratorios € no aumento da mortalidade por co-infecgdes (GANGNEUX et al., 2020). A infeccao
por Cryptococcus sp. ja foi relatada em pacientes com doenca grave por SARS-CoV-2 e que recebe-
ram terapia com corticosteroides e foram internados na unidade de terapia intensiva (REGALLA et
al., 2022).

Cryptococcus spp. sdo leveduras dimoérficas encapsuladas, responsaveis por causar infecgdes
mundialmente em humanos e em varias espécies animais, incluindo animais domésticos, silvestres e
de laboratério. Em gatos, ¢ a doenca micoética sistémica mais comum. As espécies patogénicas de
Cryptococcus mais relatadas sao C. neoformans e C. gattii (CASWELL; WILLIAMS, 2007).

Os sinais clinicos podem ser categorizados em quatro principais sindromes, tanto em caes
quanto em gatos: neuroldgica, respiratoria, ocular e cutinea (CASTELLA et al., 2008). Frequente-
mente a doenca afeta o sistema nervoso central e os olhos (LARSSON et al., 2003). A sindrome
neuroldgica, mais comum nos caes, pode ser manifestada como uma meningoencefalomielite, na qual
os sinais neurologicos exibidos estdo conectados ao local da lesdo (WILKINSON, 1988).

Embora os aspectos da criptococose no sistema nervoso (neurocriptococose) sejam descritos
em humanos, como as neurolocalizagdes mais afetadas, tipo e intensidade da inflamagdo, como as
leveduras entram no SNC e as caracteristicas morfoldgicas que sdo consideradas fatores de viruléncia
(CHANG et al., 2004; CHARLIER et al., 2005; GUEVARA-CAMPOS et al., 2009; PINTO, 2010),
esses dados ainda sdo escassos em animais, com poucos estudos detalhando o envolvimento do sis-
tema nervoso (SYKES et al., 2010).

O presente estudo retrospectivo, portanto, tem como objetivo descrever detalhadamente a in-
feccao por Cryptococcus spp. em 11 casos (nove gatos e dois caes) de necropsia com envolvimento
do sistema nervoso, diagnosticados no Laboratorio de Patologia Veterinaria da Universidade Federal

de Santa Maria (LPV-UFSM)), caracterizando os principais aspectos clinicos, macroscopicos € histo-



logicos dessa infec¢do, as neurolocalizagdes acometidas no sistema nervoso, tipo e intensidade infla-

matoria, carga fungica e a morfologia das leveduras.



2 REVISAO BIBLIOGRAFICA
2.1 CONSIDERACOES GERAIS SOBRE O GENERO Cryptococcus

Sao chamados de fungos todos os organismos que integram o Reino Fungi, eles podem ser
organismos unicelulares (leveduras) ou pluricelulares (filamentosos); sdo heterotréficos, nao
fotossintéticos, ou seja, incapazes capazes de sintetizar o proprio alimento e possuem quitina na
composi¢do de sua parede celular (GAMBALE, 2010; QUINN et al., 2018). Estima-se que das
800.000 espécies de fungos descritas, apenas 400 delas sejam patogénicas aos mamiferos (QUINN et
al., 2018). As doengas fungicas tém sido descritas mais comumente em humanos e animais
domésticos (SEYEDMOUSAVI, 2018), devido ao crescente uso de terapias relacionadas a
imunossupressao e alteracdes climaticas (GUARNER; BRANDT, 2011).

Dentre as mais importantes micoses, destaca-se a criptococose, também conhecida como
blastomicose europeia, torulose e doenga de Busse-Buschke. E uma zoonose oportunista, causada por
uma levedura encapsulada, pertencente ao género Cryptococcus (MULLER; NISHIZAWA, 2017).
Em um grande estudo retrospectivo que avaliou infec¢des micoéticas profundas em animais, foi
concluido que 46,1% desses casos foram ocasionados por Cryptococcus spp. (DAVIES; TROY, 1996;
CASWELL; WILLIAMS, 2007). E uma enfermidade micdtica sistémica, subaguda ou cronica, que
acomete desde o trato respiratorio superior, como a cavidade nasal e tecidos paranasais, € o trato
respiratorio inferior, como traqueia, bronquios ¢ pulmdes. Tem tropismo também pelo sistema
nervoso, comumente afetando o sistema nervoso central, olhos, pele e outros orgidos (FARIA;
XAVIER, 2009).

Cryptococcus spp. pertencentem ao filo Basidiomycota, classe Basidiomicetes, familia
Tremellaceae (BOSCO et al., 2016). Cryptococcus neoformans (var. neoformans e var. grubii) e
Cryptococcus gattii sdo os agentes causadores da criptococose e correspondem a forma assexuada de
basidiomicetos zoopatogenos. Nos meios de cultivo, formam-se colonias de coloragdo esbranquigada
a creme, de textura mucoide brilhante, margem lisa e bem delimitada. Crescem em Agar Sabouraud
glicose 2% e Agar extrato de malte e levedura, apos trés dias estando a temperatura de 25 a 37°C
(MULLER; NISHIZAWA, 2017).

Classificados como leveduras dimorficas, com morfologia celular variando de oval a esférica;
em um estudo mediram entre de 1,67 a 10um de didmetro, com uma parede que variando de 0,17 a
1,18um de espessura (GALIZA et al., 2014b). De reprodu¢do assexuada, esses fungos se dividem
principalmente por brotamento simples, também podendo eventualmente fazer 2 a 3 brotamentos
simultaneos nos tecidos. Estes brotamentos dao origem as células-filhas, as quais permanecem ligadas
a célula-mae por um istmo que pode se romper a qualquer momento, dando a populagdo celular um

tamanho variavel (BOSCO et al., 2016). Esse fungo se diferencia entre todos os fungos patogénicos



em espécies domésticas, pois € envolto por uma distinta e espessa capsula mucopolissacaridica
(CASWELL; WILLIAMS, 2007). O componente capsular predominante ¢ a Glucoronoxilomanana
(GXM), sendo composta também por Galactoxilomanana (GalXM) e manoproteina (MP) (BOSCO
etal., 2016).

O componente capsular predominante determina os cinco sorotipos de Cryptococcus (A, B,
C, D, AD), com base nas diferencas antigénicas capsulares. Os sorotipos A e D sdo relacionados a C.
neoformans ¢ os sorotipos B e C, relacionados a C. gattii. Um quinto sorotipo ¢ relatado em alguns
isolados que possuem caracteristicas de ambos os sorotipos, denominado de sorotipo hibrido AD
(SORREL, 2011). Variagdes morfologicas como o tamanho da célula e a espessura parede ¢ da
capsula, assim como o diametro total das leveduras, podem ser indicativos de sorotipos diferentes
(XIE et al., 2012); no entanto, a espessura da capsula, a parede ¢ o diametro da célula das leveduras
podem variar de acordo com o 6rgdo analisado e o tempo de infeccdo (GALIZA et al., 2014b).

A capacidade de produzir melanina simultaneamente com a formagao de coldnias marrons em
meios de cultura com extrato de sementes de Niger ¢, exclusivamente, caracteristica das espécies C.
neoformans e C. gattii, nao ocorrendo em nenhuma outra espécie de Cryptococcus ou levedura que
seja de interesse médico (MULLER; NISHIZAWA, 2017).

Os agentes do género Cryptococcus podem ser isolados a partir de uma variedade de
substancias, dependendo de sua localizagdo e espécie. C. neoformans possui distribuicdo global e
infecta principalmente individuos imunocomprometidos. E encontrado de forma consistente em
excretas e restos fecais de aves, principalmente pombos, nos quais raramente causa infecc¢ao sistémica,
presente apenas no trato gastrintestinal. Caes e gatos podem também carrear o fungo na cavidade
nasal sem desenvolver a doenga (STOKES, 2016). Em outros locais como no solo contendo fezes de
pombos e, com menor frequéncia, no leite, no ar, na poeira, em ninhos de vespas € marimbondos, na
grama e em outros insetos, ja foi relatada a presenca do agente. C. gattii, por sua vez, tem sido
historicamente associado a climas tropicais e subtropicais, podendo ser encontrado no ambiente, na
agua doce e dgua do mar e em cascas de arvores vivas (SYKES; MALIK, 2015).

A criptococose ja foi relatada em diversos animais domésticos e selvagens, incluindo felinos,
caninos, equinos, ovinos, caprinos, bovinos, aves, mamiferos aquaticos, coalas e outros marsupiais
(SYKES; MALIK, 2015). Dentre as espécies com maior prevaléncia, se destacam os felinos, caninos,
bovinos e aves. Os felinos sdo a espécie doméstica mais acometida, na qual as infecgdes sist€émicas

sao mais frequentes e o diagndstico ¢ de 5 a 6 vezes mais comum do que em caes (STOKES, 2016).

2.2 PATOGENESE

Apesar do modo de transmissao ndo ser bem elucidado, acredita-se que a forma mais provavel



ocorra, na maioria dos casos, por inalagdo de células de levedura ou na forma de esporos. Quando o
agente € exposto a substratos secos, ha uma redu¢do significativa do tamanho da sua capsula,
facilitando a formagdo de aerossois e sua inalagdo. O agente entdo se aloja nas vias aéreas superiores
(FARIA; XAVIER, 2009). A patogenia da criptococose depende da quantidade inoculada, da
viruléncia, da cepa e do estado de imunidade do hospedeiro (SYKES; MALIK, 2015). Diferentemente
de C. gattii, o qual infecta individuos sauddveis com frequéncia, C. neoformans infecta
principalmente individuos imunossuprimidos; embora C. gattii ja tenha sido relatado também
infectando individuos imunossuprimidos (STOKES, 2016). Fatores imunossupressores, que podem
ser farmacos, como glicocorticoides e quimioterapicos, doengas virais, como o virus da leucemia
felina, o virus da imunodeficiéncia felina e da cinomose e doencas debilitantes, como neoplasias e
insuficiéncias em orgaos, sao predisponentes a infeccao e podem determinar o prognoéstico da afeccao.
Animais tem a mesma susceptibilidade a infecdo vivendo em ambientes internos ou ao ar livre e
individuos com menos de 1 més e com mais de 15 anos sdo mais comumente afetados, sendo a média
etaria ao diagnostico de 6 anos (BOSCO et al., 2016).

A criptococose pode ser localizada ou disseminada por todo o corpo. Existe tropismo para o
sistema respiratorio, particularmente a cavidade nasal e para o sistema nervoso central (SNC)
(SYKES; MALIK, 2015). O neurotropismo ¢ explicado pela producdo de uma enzima chamada fe-
noloxidase pela levedura, que a permite sintetizar a melanina a partir de compostos difendlicos como
as catecolaminas (WILLIASON et al., 1998). As leveduras também podem atingir o encéfalo por
extensdo, a partir de uma lesdo nasal, seja através da placa cribriforme ou dos nervos 6opticos (LES-
TER et al., 2004; MALIK et al., 2006).

Dentre os conhecidos fatores de viruléncia do agente destaca-se a capsula mucopolissacaridea,
a qual acredita-se que seja capaz de bloquear a interacdo entre anticorpos e receptores da superficie
de macrofagos, dificultando a fagocitose e a migragdo de leucdcitos. Também inibe a sintese de
citocinas pro-inflamatorias, inativa o sistema complemento e pode suprimir as respostas das células
T (SYKES; MALIK, 2015, BOVERS, 2008). A resposta inflamatéria do hospedeiro, portanto, tende
a ser e geralmente minima, consistindo de macréfagos, linfocitos e plasmoécitos (SUMMERS, 1995).
Sua intensidade depende dos fatores de viruléncia da levedura e do estado imunolégico do hospedeiro
(CASWELL; WILLIAMS, 2007).

Além da capsula mucopolissacaridica, outros fatores de viruléncia incluem a produ¢ao de me-
lanina e manitol, substancias relacionadas ao neurotropismo do agente que atuam como potentes an-
tioxidantes para reduzir a toxicidade dos radicais livres no fagolisossomo (STEENBERGEN; CASA-
DEVAL, 2003). A fosfolipase, que atua interrompendo as membranas das células hospedeiras, e os
acidos sialicos na parede celular dos fungos direcionam as proteinas do complemento para a degra-

dacdo, em vez de opsonizar fragmentos e anafilatoxinas (SYKES; MALIK, 2015). A enzima urease,



que facilita a invasao de células flngicas na corrente sanguinea e no cérebro, aumentando o sequestro
de levedura nos leitos microcapilares e promovendo uma resposta imune Th2 ndo protetora no pulmao
(OSTERHOLZER; MILAM, 2009).

E descrito que a infecgdo frequentemente chega ao sistema nervoso central por via hemato-
gena, a partir de uma infec¢ao pulmonar ou cutanea, ou por continuidade, através da extensao da
infec¢do na cavidade nasal através da placa cribriforme, seio frontal ou ao longo dos nervos cranianos
até¢ o cérebro (SYKES; MALIK, 2015). As alteragdes no sistema nervoso costumam ser sutis, po-
dendo se apresentar como nddulos ou cistos com contetdo gelatinoso, viscoso € acinzentado, tinicos
ou multiplos, e de diferentes extensdes ao longo do cérebro, meninges, principalmente do cerebelo e
ventriculos. Essas lesdes também podem estar presentes no globo ocular. O aspecto gelatinoso desses
nddulos ou do conteudo dos cistos deve-se a proliferagao de leveduras com capsulas de mucopolis-
sacarideo nos tecidos (FRY; McGAVIN, 2013).

Casos clinicos compilados em humanos, revelaram que cerca de 50% dos pacientes j& apre-
sentam comprometimento do sistema nervoso central (SNC) nas fases iniciais da infecgdo criptocod-
cica, causando meningoencefalite (GUEVARA-CAMPOS et al., 2008). Ainda ndo ha certeza quanto
a causa desse neurotropismo; porém, trés hipodteses principais tém sido consideradas. A primeira ¢
que o SNC possui substratos especificos para o crescimento e proliferacdo do fungo, como as cate-
colaminas (dopamina, norepinefrina e adrenalina). A segunda hip6tese propde que o SNC poderia ser
um local de escape da vigilancia imunoldgica do hospedeiro, ja que o cérebro e a barreira hematoen-
cefalica (BHE) apresentam uma resposta imune nao tdo vigorosa e retardada (MORETTI et al., 2008;
GUEVARA-CAMPOS et al., 2008; PINTO, 2010). E a terceira teoria ¢ que os neurdnios tém recep-
tores de membrana distintos, que poderiam atrair Crypfococcus spp. mais intensamente do que as
células encontradas em outros 6rgaos (PINTO, 2010).

Outros estudos investigando como Cryptococcus spp. cruzaria a BHE propuseram trés meca-
nismos possiveis: a passagem transcelular através das células endoteliais, que envolve uma interagao
ligante-receptor especifica (transcitose) e uma passagem paracelular entre as células endoteliais (pa-
racitose), que pode ocorrer apos alteragdes mecanicas ou bioquimicas com a interrup¢ao da BHE.
Nesses casos ¢ descrito, durante a transmigracdo para o cérebro, que pode ocorrer uma alteragao
morfoldgica como parte desse processo, vista como uma morfologia distinta das leveduras, com for-
mato ovoide, formando um broto na superficie celular (CHANG et al 2004; CHEN et al., 2003; JONG
et al., 2008; KRONSTAD et al., 2011).

Existe também o método do "cavalo de Troia", no qual as células sdo transportadas dentro de
um monocito hospedeiro. As leveduras intracelulares tém a capacidade de serem transportadas por
macrofagos para diferentes sitios anatdmicos, evitando a exposi¢do a ameacas extracelulares, como

componentes do complemento ou agentes antimicrobianos circulantes na corrente sanguinea (MA;



MAY, 2009), conforme demonstrado em um estudo (CHARLIER et al., 2005), que sugere a passagem
transcelular de leveduras através da BHE através da subversao de monécitos como uma ferramenta
eficaz para o agente escapar das defesas do hospedeiro. Foi observado que o cruzamento da BHE
ocorre exclusivamente por meio do sequestro de microcapilares e da ruptura de células endoteliais e
ocorre especificamente nos capilares corticais, sem envolver o plexo coroide (CHARLIER et al.,

2005).

2.3 SINAIS CLINICOS E ALTERACOES MACROSCOPICAS

Os sinais clinicos da criptococose dependem da localizacdo da infec¢do, que em geral acomete
a cavidade nasal, pele, subcutaneo, sistema nervoso central e linfonodos regionais. As formas clinicas
descritas sdo: pulmonar, cutanea, mucocutanea, encefalica, visceral e 6ssea. Os felinos usualmente
desenvolvem a forma localizada da infec¢do, a qual se caracteriza como uma deformagdo do plano
nasal, associada ao inchago subcutdneo na ponta do nariz, com massas proliferativas de tecido
mole (conhecida como ‘“nariz de palhago”). J4 os cdes tém tendéncia a apresentar a forma
generalizada da doenca (ALVES; PORTO, 2016).

As principais manifestacdes clinicas da criptococose incluem coriza, ruidos sibilantes na
respiracao e corrimento nasal, podendo ainda ter sinais de dispneia e apresentar respiracao estertorosa
devido a obstrugao do trato respiratorio por granulomas. As manifestagdes cutaneas em caes e gatos,
geralmente sdo observadas em forma de nodulos dérmicos ou subcutaneos, unicos ou multiplos, po-
lipoides ou difusos, com aspecto gelatinoso, ulcerados e exsudativos. Distribuidos principalmente na
regido da cabeca, face e membros. Erosoes, Ulceras e fistulas em focinho, lingua, gengiva, palato e
labios podem também ser encontradas em animais doentes (SANTOS; ALESSI, 2016). Pequenas
massas cutaneas ou subcutaneas podem favorecer o diagndstico clinico, principalmente nos felinos,
em que a rinite micotica na cavidade nasal rostral € a apresenta¢do mais frequente (CASWELL; WIL-
LIAMS, 2016).

Na forma sistémica, os 6rgdos frequentemente afetados pela infec¢do sao os olhos, sistemas
nervoso central e respiratério, principalmente os seios nasais € pulmoes (HONSHO et al., 2003). Na
necropsia, as lesdes se apresentam como areas gelatinosas brancacentas, discretas, multifocais,
podendo ocorrer formagdo de nddulos polipoides ou difusos com aspecto gelatinoso ao corte, em
diferentes tipos de tecidos (MALIK et al., 1999). Nos pulmdes, o desenvolvimento de nddulos
multifocais fridveis e de aspecto gelatinoso, pode estar associado a um quadro concomitante de
broncopneumonia supurativa, decorrente de infecgdes bacterianas secundarias (CASWELL;

WILLIAMS, 2016). Devido ao aspecto macroscopico das lesdes, a criptococose pode ser facilmente



confundida com outras afeccdes comuns em cdes e gatos, de etiologias infecciosas ou neoplésicas
(MCGILL et al., 2009).

No sistema nervoso central, as alteragdes costumam ser sutis, podendo se apresentar como
nodulos ou cistos com contetido gelatinoso, viscoso e acinzentado, inicos ou multiplos, denominados
"criptococomas" (FRY; MCGAVIN, 2013). Sao de diferentes extensdes ao longo do cérebro,
meninges, principalmente do cerebelo e ventriculos, também podem estar presentes no globo ocular
(MILLER; ZACHARY, 2016). Opacidade meningea, edema e congestdo também sdo achados
comuns (SUMMERS, 1995). Grandes lesoes gelatinosas e irregulares podem ocorrer, chamadas de
"torulomas" (RISTOW; DAVIS, 2021). Em um estudo (SYKES et al.,, 2010), os achados
macroscopicos de necropsia mais frequentes em caes e gatos incluiram: edema e congestdo meningea;
lesdoes de massa gelatinosa cinza associadas ao cérebro e medula espinhal; alargamento e
amolecimento dos bulbos olfatorios e herniagdo cerebelar pelo forame magno. O aspecto gelatinoso
desses nodulos ou do conteudo dos cistos deve-se a proliferagdo de leveduras com capsulas de
mucopolissacarideo nos tecidos (FRY; MCGAVIN, 2013)

As lesdes em outros orgaos sdo geralmente observadas em casos de criptococose sistémica, o
acometimento de 6rgdos viscerais abdominais ¢ considerado incomum, mas tende a ocorrer mais fre-
quentemente em cies do que em gatos. Orgdos como pancreas, figado, rim, vesicula urinaria, prostata
e glandula adrenal podem ser afetados. Além disso, manifestacdes menos comuns de criptococose
incluem doengas Osseas e articulares, otite média e piotérax (BARRS et al. 2005; O'BRIEN et al.,
2006; PAULIN et al., 2013; TRIVED et al., 2011).

O diagnostico clinico geralmente € feito através da citologia e a cultura micologica, a qual
¢ considerada o padrdo-ouro para o diagnostico da doenga (LIMA et al., 1977). A cultura, assim como
a citologia, pode ser feita a partir de amostras de swabs nasais, lavado nasal, aspirado com agulha de
lesdes expansivas ou linfonodos aumentados, amostras de lavado broncoalveolar, liquido pleural, li-
quido cefalorraquidiano ou urina (SYKES; MALIK, 2015). Podem ocorrer também, no entanto, casos
de criptococose sem alteracoes clinicas e lesdes macroscopicas indicativas, que ndo levantam suspeita
clinica, a qual poderia ser facilmente confirmada pela cultura microbiologica ou pela identificagdo do
agente por citologia (LIMA et al., 1977). Nesses casos, a suspeita e o diagnostico definitivo ocorrem
no exame pos-mortal, através da necropsia e da andlise histopatologica dos tecidos afetados (GALIZA
et al., 2014; GEORGI et al., 2009; MALIK et al., 1999; O’BRIEN et al., 2006). A auséncia de lesdes
macroscopicas ou sinais clinicos, pode fazer com que o diagndstico seja somente estabelecido no post
mortem, através da histopatologia, ndo ocorrendo a coleta de material para a cultura micoldgica, con-

siderada a técnica padrao-ouro para o diagnostico (GALIZA et al., 2014; LIMA et al., 1977).



2.4 NEUROCRIPTOCOCOSE

O transtorno neuroldgico, frequentemente observado em caes e gatos, pode se manifestar
como uma meningoencefalomielite (WILKINSON, 1988). Um estudo que revisou 93 casos de crip-
tococose (62 gatos e 31 caes), descreve sinais neuroldgicos em 40% dos gatos e 61% dos caes, sendo
que maior nimero de gatos apresentou sinais respiratorios nasais € massas cutineas, enquanto um
maior niumero de caes apresentou sinais neuroldgicos e lesdes oculares (TRIVEDI et al., 2011).
Quanto a duragao dos sinais neurologicos, em gatos pode variar entre 1 e 270 dias, com uma mediana
de 8,5 dias. J4 em caes, esses sinais perduram de 1 a 365 dias, tendo uma mediana de 8 dias (SYKES
et al., 2010).

De acordo com a literatura, os sinais neuroldgicos na neurocriptococose em animais geral-
mente incluem depressdo, movimentos circulares, pressionar a cabega contra objetos, paresia, letargia,
alteragdes comportamentais, anomalias da marcha, sinais vestibulares (incluindo inclinagio da cabega)
(CASWELL; WILLIAMS, 2016). Outros autores descrevem, também em animais, confusao, vocali-
zacdo, consciéncia reduzida, ataxia, rigidez muscular, andar em circulos, fraqueza, paralisia dos mem-
bros pélvicos, convulsdes, agressao, surdez, perda de sentido do olfato e dor no pescoco como sinais
distintos do transtorno neurologico (HONSHO et al., 2003). Sinais como confusdo, pressionar a ca-
beca em objetos, vocalizagdo, consciéncia reduzida e convulsdes, estariam mais associados a lesoes
em regides corticais do encéfalo (McGRATH, 1960). Enquanto sinais vestibulares como ataxia, in-
clinag¢do da cabeca e andar em circulos sugerem possiveis disfungdes cerebelares, afetando a coorde-
nacao motora (DEWEY, 2006).

Muitos animais, particularmente caes, na regido cervical, e gatos, na coluna toracolombar ou
lombossacral, costumam mostrar evidente desconforto espinhal (SYKES et al., 2010), estes sinais,
bem como fraqueza e paralisia dos membros posteriores, indicam lesdes na medula espinhal
(McGRATH, 1960). Outros sinais comumente relatados sdo manifestagdes oculares, como nistagmo,
midriase e cegueira (CASWELL; WILLIAMS 2016), estes sinais sio mais comuns em caes, onde a
doenca afeta principalmente os olhos e os nervos opticos, além do SNC (LARSSON et al., 2003).

A variacdo nos sinais clinicos neuroldgicos pode ser atribuida a diversidade de locais neuroa-
natomicos onde as lesdes ocorrem, como descrito na literatura (McGILL et al., 2009). No SNC, as
localizagdes mais comuns das lesdes sao a regido cerebrotalamica e a regido cerebelar, seguidos pela
ponte, medula espinhal e o mesencéfalo (SYKES et al., 2010). Desta forma, um paciente com lesdes
na regido cerebrotalamica pode apresentar alteracdes no estado mental, como sonoléncia, estupor e
coma. Além de comportamentos compulsivos, incluindo andar em circulos, convulsdes, alteragdes
comportamentais (como agressividade, distragdo, vocalizagdo e apatia), € a tendéncia de pressionar a

cabeca contra objetos fixos persistentemente (CHRISMAN, 1985; DEWEY, 2006; McGRATH, 1960).



Lesdes na regido cerebelar, resultariam em movimentos exagerados (hipermetria), ataxia (do tronco
e da cabeca) sem paresia, tremor intencional, rigidez por descerebelacdo e déficits vestibulares, que
incluem inclinagdo da cabeca, nistagmo, comportamento circular e estrabismo vestibular (DEWEY,
2006; McGRATH, 1960).

Outras regides mais afetadas, como ponte e medula espinhal, estao relacionadas a distirbios
graves de consciéncia, como estupor € coma. Além de alteragdes de marcha, ataxia e paresia ou pa-
raplegia do neurdnio motor superior (DEWEY, 2006; VANDEVELDE et al., 2012). Enquanto lesdes
no mesencéfalo estdo associadas a distirbios graves de consciéncia, alteragdes de marcha, ataxia ce-
rebral, anisocoria e estrabismo (associados a danos nos nticleos dos nervos trocleares ou oculomotor)
e atrofia dos musculos da cabega, relacionada também a lesdes no nervo trigémeo (DEWEY, 2006;
McGRATH, 1960; VANDEVELDE et al., 2012).

As principais condi¢gdes para considerar como diagnosticos diferenciais da neurocriptococose
em caes sao doengas que apresentam um quadro clinico semelhante, tais como cinomose, encefalite
bacteriana, meningoencefalite protozodria (toxoplasmose, neosporose) ¢ tumores (MARCASSO et
al., 2005; VANDEVELDE et al., 2012). Enquanto em gatos, os principais diagnosticos diferencias
seriam peritonite infecciosa felina e a toxoplasmose. Vale ressaltar que os sinais clinicos da criptoco-
cose podem imitar outras doengas (CORREA, 1994), se passando até mesmo por raiva, como foi

descrito em um caso de meningite criptocdcica fatal em um gato (PAL, 1991).

2.5 HISTOPATOLOGIA E HISTOQUIMICA

Histologicamente, as lesdes em multiplos 6rgdos, incluindo o SNC, se caracterizam como
massas, contendo leveduras circulares, as quais sdo constituidas por uma célula central circundada
por uma cépsula espessa (polissacaridica) que normalmente ndo cora com a técnica de HE, formando
um halo claro (ndo corado), dando a aparéncia vacuolizada caracteristica, frequentemente descrita
como uma lesdo em "bolhas de sabdao" no tecido (MALIK et al., 2006, FARIA; XAVIER, 2009,
KRONSTAD et al., 2011, SANTOS; ALESSI, 2016). Por vezes, no interior de algumas células, ¢
possivel observar um material granular, arredondado, levemente eosinofilico, que corresponde ao
nucleo da célula da levedura (GALIZA et al., 2014).

No SNC, a literatura descreve trés padroes histopatologicos para criptococose neurologica em
caes e gatos, ndo correlacionados com espécies infectantes: formagdo de pseudocistos, caracterizada
pela expansdo de organismos criptococicos ao longo dos espacos ventriculares e subaracnoideos, le-

vando a pseudocistos intraparenquimatosos aleatorios, multifocais e de tamanho variavel; meningite



difusa isolada, sem presenca de pseudocistos ou envolvimento do parénquima cerebral; € meningo-
encefalite sem formacao evidente de pseudocistos (SYKES et al. 2010).

No caso da criptococose, a reagdo granulomatosa ¢ frequentemente minima, se diferenciando
de outras infecgdes micdticas, que possuem resposta granulomatosa acentuada. Possivelmente, por
causa da capsula ter o efeito de “mascarar” a levedura da resposta histiocitica, através da inibi¢ao da
apresentacdo antigénica (CASWELL; WILLIAMS, 2016). No entanto, autores descrevem que as
leveduras de Cryptococcus spp. podem estar associadas a um infiltrado inflamatorio constituido
predominantemente por macrofagos, e em menor quantidade, por linfocitos e plasmdcitos, variando
conforme o tecido analisado (RODRIGUES et al. 1999. PAPPALARDO; MELHEM, 2003; GALIZA
et al., 2014b).

Em um trabalho realizado em Santa Maria - RS, o qual catalogou 230 casos de micoses e
oomicoses, 11 foram diagnosticadas como criptococose, sendo sete deles em felinos, trés em caninos
e um em equino (GALIZA et al., 2014a). Em outro retrospectivo, Galiza et al. (2014b) testaram
diferentes técnicas histoquimicas para o diagnostico de criptococose. Foi relatado que a capsula do
agente pode ser fracamente visualizada pela coloragdo com Acido Periédico de Schiff (PAS), sendo
Azul Alciano (AA) e Mucicarmina de Mayer (MM) as melhores técnicas para essa finalidade.
Enquanto a parede do agente pode ser evidenciada através da coloragdo de Fontana-Masson (FM),
devido a presenca de melanina. Com as coloragdes de PAS e impregnacao pela prata (Grocott) foi
possivel observar a parede das células das leveduras fortemente evidenciada.

Nao ¢ possivel definir qual Cryptococcus especifico esta envolvido em cada caso apenas atra-
vés da observagdo morfoldgica do agente na histologia. A literatura descreve que, apesar de suas
semelhancas na morfologia das células da levedura, as cepas de C. gattii podem exibir uma maior
prevaléncia de células ovoides a piriformes em comparacao com as células globosas de C. neoformans,
que raramente exibem caracteristicas piriformes (KWON-CHUNG et al., 1982). No entanto, durante
a disseminacao de Cryptococcus spp. podem ocorrer alteragdes na morfologia da levedura, que varia
dependendo do tecido. A estrutura da capsula nao ¢ influenciada pela carga fungica local, mas sim

pela estrutura do leito vascular que envolve os capilares (CHARLIER et al., 2005).

2.6 TRATAMENTO

O tratamento de um animal com distarbios neuroldgicos apresenta um grande risco de deixar
sequelas, portanto, a abordagem terapéutica tende a ser paliativa (PEREIRA; COUTINHO, 2003). O
tratamento recomendado ¢ feito com o uso de antifungicos sist€émicos, tais como anfotericina B, fluo-
citosina, cetoconazol, itraconazol e fluconazol, usados isoladamente ou em combinag¢des (LARSSON

et al., 2003). E descrito que, embora o tratamento individual com Anfotericina B ou Terbinafina nio



resulte em uma redu¢ao no tamanho da capsula, a combinag¢do desses dois medicamentos causa uma
diminui¢ao significativa do tamanho da capsula em comparagdo com as células controle, facilitando
assim a fagocitose do antigeno (GUERRA et al., 2012).

No entanto, a utilizagdo da anfotericina B, cetoconazol e flucitosina no tratamento da cripto-
cocose para a sindrome neuroldgica em caes nao produziu resultados satisfatorios, pois nao alcanca-
ram concentracdes adequadas sem a ocorréncia de efeitos colaterais (PEREIRA; COUTINHO, 2003).
O itraconazol e fluconazol sdo amplamente disponiveis e tém boa penetracdo no sistema nervoso
central, sendo drogas recomendadas especialmente em casos com comprometimento do sistema ner-

voso central (NOBRE et al., 2002; PEREIRA; COUTINHO, 2003).
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Cryptococcosis is a fungal infection that commonly affects dogs and cats, often manifesting with neurolog-
ical involvement. In this study, it was investigated the neuropathological characteristics of cryptococcosis in nine
cats and two dogs submitted to necropsy, through gross pathology and histopathological analysis. Clinical history,
lesion location, fungal burden, type and intensity of inflammatory infiltrate, lesions in nervous parenchyma, and
morphological characteristics of yeast cells were evaluated. Additionally, fungal morphological criteria, such as,
capsule and yeast wall thickness and budding frequency were analyzed in each neurolocation. To enhance the vis-
ualization of yeasts, Alcian Blue stain method was utilized. Only six cases (54%) had neurological signs. Debilitating
and immuno-suppressive conditions were detected in five cases. Gross lesions in the central nervous system (CNS)
were found in five cases, and appeared as irregular, friable, soft, gelatinous, and grayish masses, with distinct bor-
ders. The telencephalic cortex and the cerebellum were the most frequently affected CNS locations, observed in all
cases. The first, exhibited a higher fungal burden and a milder inflammatory response, compared to other neuro-
locations. Cerebellum was also affected in all cases but showed a slightly higher inflammatory response and a lower
fungal burden, compared to the telencephalic cortices. Additionally, lung involvement was observed in all cases as
well. The inflammatory intensity associated to the yeasts in the CNS was predominantly mild to moderate, being
severe only in two cases, and the fungal burden was more often moderate or severe, being mild in only two cases.
The observed heterogeneity in the inflammatory response and fungal burden reveals the complex nature of this
infection. Other affected nervous tissues were the optic nerve and the spinal cord nerve roots and ganglia, mostly
in cats. In conclusion, our study shows the neuropathological features of cryptococcosis in a case series in cats and
dogs, emphasizing the importance of considering specific neurolocations for diagnosis of this fungal infection. As
well contributing for a better understanding of the simultaneous involvement of the respiratory and nervous sys-
tems.

INDEX TERMS: cryptococcosis, histopathology, neurolocalization, nervous system.

RESUMO. [Neurocriptococose em cies e gatos: aspectos anatomopatologicos e morfologicos fiingicos em
uma série de casos.] A criptococose é uma infec¢do fungica que comumente afeta cdes e gatos, muitas vezes se
manifestando com envolvimento neurolégico. Neste estudo, foram investigadas as caracteristicas neuropatolégicas
da criptococose em nove gatos e dois cdes submetidos a necropsia, por meio da andlise macroscépica e
histopatolégica. Foi avaliada a histéria clinica, localiza¢do das lesdes, carga flingica, tipo e intensidade do infiltrado
inflamatdrio, lesdes no parénquima nervoso e caracteristicas morfolégicas das células de levedura. Além disso,
critérios morfoldgicos fingicos, como espessura da capsula e parede da levedura e frequéncia de brotamento,
foram analisados em cada neurolocalizagdo. Para aprimorar a visualizacdo das leveduras, foi utilizada a técnica de
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coloracdo de Azul Alciano. Apenas seis casos (54%) apresentaram sinais neuroldgicos. Condi¢des debilitantes e
imunossupressoras foram detectadas em cinco casos. Lesées macroscdpicas no sistema nervoso central (SNC)
foram encontradas em cinco casos, aparecendo como massas irregulares, fridveis, moles, gelatinosas e
acinzentadas, com bordas distintas. O cortex telencefdlico e o cerebelo foram as localizagdes do SNC mais
frequentemente afetadas, observadas em todos os casos. O cortex apresentou uma carga flingica mais elevada e
uma resposta inflamatéria mais branda em comparacdo com outras neurolocalizacdes. O cerebelo também foi
afetado em todos os casos, apresentando uma resposta inflamatéria um pouco mais elevada e carga fungica mais
baixa do que o cortex telencefalico. Além disso, o envolvimento pulmonar também foi observado em todos os casos.
A intensidade inflamatdria associada as leveduras no SNC, foi predominantemente leve a moderada, sendo grave
apenas em dois casos, e a carga fungica foi mais frequentemente moderada ou grave, sendo leve em apenas dois
casos. A heterogeneidade observada na resposta inflamatéria e carga fingica revela a natureza complexa dessa
infeccdo. Outros tecidos nervosos afetados foram o nervo éptico e as raizes e ganglios nervosos da medula espinhal,
principalmente em gatos. Em conclusao, nosso estudo mostra as caracteristicas neuropatoldgicas da criptococose
em uma série de casos em gatos e cdes, enfatizando a importancia de considerar neurolocalizagdes especificas para
o diagnostico dessa infeccdo flingica. Além disso, contribui para uma melhor compreensdo do envolvimento
simultianeo dos sistemas respiratorio e nervoso.

TERMOS DE INDEXACAO: criptococose, histopatologia, neurolocaliza¢do, sistema nervoso.

INTRODUCTION

The prevalence of fungal diseases in both humans and domestic animals has been commonly reported,
possibly due to the rise in immune-suppressive therapies and climate change (Guarner & Brandt 2011, Seyed-
mousavi 2018). Among the most significant systemic mycoses, cryptococcosis has emerged as a fungal infection
with significant lethality and morbidity. Typically presenting as meningoencephalitis, it is often secondary to cuta-
neous or pulmonary processes, and can occur in both immunocompetent and immunocompromised individuals
(Lacaz etal. 2002, Eghwrudjakpor & Allison 2009).

Cryptococcus spp. are encapsulated dimorphic yeasts, responsible for causing infections worldwide in var-
ious species, including humans, domestic, wild, and laboratory animals. In cats, it is the most common systemic
mycotic disease. The pathogenic species of Cryptococcus most often reported are C. neoformans and C. gattii
(Caswell & Williams 2007). This fungus is distinctive among all pathogenic fungi in domestic species, because it
has a mucopolysaccharide capsule that acts as a virulence factor, impairing phagocytosis and the migration of leu-
kocytes. It also inhibits the synthesis of pro-inflammatory cytokines, inactivates the complement system, and can
suppress T-cell responses (Buchanan & Murphy 1998, Bovers 2008, Sykes & Malik 2015). The host’s inflammatory
response is variable and usually minimal, consisting of macrophages, lymphocytes, and plasma cells (Summers
1995, Steenbergen & Casadeval 2003).

Cryptococcosis can either be localized or spread throughout the body. There is tropism for the respiratory
system, particularly the nasal cavity and for the central nervous system (CNS) (Sykes & Malik 2015). The neurot-
ropism is explained by the yeast’s production of an enzyme called phenoloxidase, which allows them to synthesize
melanin from diphenolic compounds, such as catecholamines (Williamson et al. 1998; Baker etal. 2022). The trans-
mission of cryptococcal infections probably occurs through inhalation of dust contaminated by viable yeasts, lead-
ing to infection of the upper respiratory tract and lungs, followed by secondary hematogenous spread to the CNS,
eyes, skin, and other organs (Faria & Xavier 2009). Yeasts may also reach the encephalon by extension, from a nasal
lesion, either through the cribriform plate or the optic nerves (Lester et al. 2004, Malik et al. 2006). It is described
that cryptococcal organisms were consistently identified in the cerebrospinal fluid analysis, in samples collected
from cisternal and lumbar regions, of animals exhibiting signs of diffuse CNS disease, indicating the potential dis-
semination of yeasts through the cerebrospinal fluid. The presence of yeasts inside the central canal of the spinal
cord, described by these authors, in histopathological examination, also corroborates with this theory (Sykes et al.
2010).

Important aspects of the cryptococcosis in the nervous system (neurocryptococosis) are well described in
humans, including the most affected neurolocations, type and intensity of inflammation, how yeasts enter the CNS,
and the morphological features that are considered virulence factors (Chang et al. 2004, Charlier et al. 2005, Gue-
vara-Campos et al. 2009, Pinto 2010). However, this data is still scarce in animals, with a few studies detailing the
involvement of the nervous system (Sykes et al. 2010; Trivedi et al. 2011). The present retrospective study aimed
to provide a detailed description of the infection by Cryptococcus spp., in 11 cases (nine cats and two dogs), by
characterizing the neurolocation of the lesions, the inflammatory response and intensity, and the variations in
yeast’s morphology.

MATERIALS AND METHODS
A total of 11 animals, retrospectively studied, were included in the case series. Consisting of nine cats



(cases 1 to 9) and two dogs (cases 10 and 11), all submitted to necropsy and diagnosed with cryptococcosis affect-
ing the nervous system (NS). Necropsy reports were selected and reviewed.

Information regarding the animal profile, such as species, breed, sex, and age was collected from pathology
reports. The clinical history of each animal was also reviewed, from which data regarding clinical signs, potential
predisposing factors, concomitant diseases, treatment, and clinical progression were extracted. Gross lesion de-
scriptions from the reports were also reviewed and, when available, archived photographs were reassessed.

Paraffin blocks were collected from the laboratory archive and sectioned for histology by routine methods.
Two slides were prepared from each block, one stained by hematoxylin-eosin (HE), one stained by Alcian Blue pH
2,5 (and counter-stained by HE). The slides were then analyzed under light microscopy. This histomorphological
study focused on the NS. Additionally, lung and eye lesions (focusing the optic nerve) were also reevaluated. In-
volvement of other organs/tissues was only noted.

On histopathological reevaluation of the NS lesions, the following criteria were observed: a) locations of
the lesions in the CNS anatomical regions (encephalon [frontal, parietal, and occipital cortex, basal ganglia, thala-
mus, hippocampus, mesencephalon, cerebellum, and pons] and spinal cord [cervical, thoracic, and lumbar seg-
ments]), considering the availability and identification of the paraffin blocks of each case; b) location of the lesions
in the CNS histological regions (meninges, neuropile, perivascular spaces, choroid plexus and vascular wall; c) le-
sions in peripheral nervous system (when tissues were available, including optic nerve, spinal nerve roots and
ganglia); d) type and intensity of inflammatory infiltrate; e) fungal burden and vascular embolism; and f) morpho-
logical characteristics of the yeasts (cell shape, cell wall thickness, and capsule thickness).

Inflammatory response, as well as the fungal burden, were subjectively categorized as severe = 3, moder-
ate = 2, mild = 1, or absent = 0. The number of cases affected for each specific neurolocation was considered, and
the score of each case for inflammatory response and fungal burden was added and divided by the number of
individuals with involvement of each neurolocation, resulting in an average value of each coefficient for a better
comparison between neurolocations. Morphological criteria, such as capsule and yeast wall thickness, were also
analyzed and classified as decreased, regular, or increased (subjectively compared to parameters of Galiza et al.
2014). The frequency of budding was also taken into consideration and subjectively classified as high, regular, or
low.

RESULTS
Animals and clinical aspects

Eight animals were mixed-breed and three were pure breed (one dog [Labrador Retriever] and two cats
[Siamese and Persian]). Among dogs, there was one male and one female; aged one year- and 10 months-old,
respectively. Among cats, there were five males and four females; age ranged from one to 10 years-old and the
average age was four years and two months.

Only three cases (27%) were diagnosed with cryptococcosis clinically. Complete neurological examination
was performed on 27% of the animals (2 cats and 1 dog). Six animals (54%) were reported to have neurological
signs (four cats and two dogs), among which blindness (cases 10 and 11) and head tilt (cases 6 and 8) were the
most common signs. Other described signs were: syncope (case 5), somnolence, diminished postural reactions,
cerebellar and vestibular ataxia, negative patellar reflex (case 7), paraplegia (case 8), incoordination (case 10), and
pain upon epaxial palpation throughout the vertebral column (case 11). The duration of neurological signs ranged
from seven to ten days. Nonspecific signs, such as anorexia (cases 6 and 4), apathy, and weakness were also com-
mon findings (cases 4, 11 and 9). Respiratory signs were reported in four cases (cases 1, 6, 7 and 9). One case (case
1) showed a diffuse interstitial pattern on the thoracic X-ray (which was reported as compatible with viral pneu-
monia or neoplasm). Cutaneous lesions were present in three cases (27%), seen only in cats (cases 2, 3 and 9) and
described as multiple, raised, gelatinous and occasionally ulcerated nodules; they were white and amorphous on
cut surface, draining content resembling pus. Predominantly, these lesions were found on the head, thoracic and
abdominal regions, and limbs.

Debilitating and/or immuno-suppressive conditions were described in five cases: two cats with history of
being recently adopted from the streets (cases 2 and 9); a cat that had previous treatment with corticosteroids
(case 6); one dog that presented severe cachexia and generalized weakness (case 11), and a dog with clinical his-
tory of leukopenia with left shift (case 10). Cryptococcosis treatment (specific drug not informed) was reported
only in one cat (case 3).

Gross pathology

Gross lesions in the CNS were documented in five cases (cases 6, 7, 8,9 and 11), observed most frequently
in the piriform lobe (Fig. 1; cases 7, 8 and 9) and on frontal lobe, parietal lobe, occipital lobe, brainstem, hippocam-
pus, cerebellum (Fig. 2), and spinal cord (one case each). One dog (case 11) had lesions in the spinal cord, located
in the cervical and lumbosacral regions (Fig. 3). In two cases with ocular involvement (cat 8 and dog 11), there was
swelling of the extracranial portion of the optic nerve (Fig. 4).

Cryptococcal lesions appeared as irregular, friable, soft, gelatinous, and grayish masses, with distinct bor-
ders, ranging in size from 0.1 to 2 cm, seen either as exophytic nodules on the surface of the brain or as nodules



expanding the neuroparenchyma, seen on the cut surface (Fig.1). They occasionally caused asymmetry of the pi-
riform lobes, with enlargement of the right side (cases 8 and 9). Congestion or opacity of the leptomeninges (Fig.
2) and focal hemorrhage in the frontal and parietal lobes were also described (one case each). In the spinal cord,
exophytic nodules in the subdural space, as well as thickening of the nerve roots (Fig. 3) were also observed.

Histopathology

Among the available histological sections, the telencephalic cortex was one of the most affected CNS loca-
tions, seen in all cases, with lesser inflammatory response and higher fungal burden (in average). The exact distri-
bution of the lesions among the cortical sections was identified in nine cases. The frontal cortex was involved in
four cases, the parietal cortex in six, and the occipital cortex in five. In two cases, the specific location among the
telencephalic cortices was not informed. Cerebellum involvement was also seen in all cases, however, compared to
the telencephalic corte, it exhibited a slightly milder inflammatory response and a significantly lower fungal bur-
den. The distribution of the lesions, the inflammatory response, and the fungal burden on the nervous system are
summarized in Table 1.

Yeasts were observed infiltrating the neuropil in eight cases (all except cases 5, 9 and 10), in the following
locations: telencephalic cortex in seven cases (77.7%), cerebellum in eight cases (88,8%), thalamus, hippocampus,
pons and mesencephalon in one case each (11,1%). A predilection for either white or gray matter was not identi-
fied. In the cerebellum, two cases had yeasts infiltrating all layers (molecular and granular layers and white mat-
ter), and on three cases they were present only within the molecular and granular layers. On encephalon sections,
lesions in the neuropil were rarely observed, seen as a slight vacuolization of the parenchyma (case 2 and 6), usu-
ally within areas of the interface between gray and white matter. In some areas, usually on the telencephalic cortex
and sometimes on the cerebellum, the yeast clusters distended the sub-arachnoid space, causing compression of
the subjacent parenchyma (case 6).

Overall, there was a predominance of histiocytic inflammation. The intensity of the inflammatory response
and fungal burden are shown in Table 2 and in Figure 5-8. Cases were classified according to the predominant
pattern observed; however, there was marked variation in both fungal burden and the type and intensity of inflam-
mation within the same cases and often times, within the same histological section.

In fields with higher fungal burden, wherein yeasts often formed aggregates with predominance of foamy
macrophages admixed with few neutrophils, the inflammatory response was usually mild to absent (Fig. 5 and 8).
Yeasts were predominantly seen around blood vessels, expanding the Virchow-Robin spaces (Fig. 9). Sometimes
yeast’s clusters formed macroscopically visible nodules (cases 2, 4, 6, 7 and 11), in the meninges and neuropil (Fig.
10-11). These lesions were associated to thick and broad capsuled yeasts, and were most common in cats. Narrow-
based budding was most frequently observed within these areas, and sometimes around the choroid plexus (Fig.
12). By comparing the histopathological findings to the gross lesions, measuring the extent of space occupied by
the yeast’s aggregates in the subarachnoid space and within the neuropil, by high-power field counting (400x), it
was observed that for a lesion to be noticeable on gross examination, it was necessary to have a minimum extension
of 1 mm.

Areas with lower fungal burden had predominance of granulomatous inflammation with a variable
amount of multinucleated giant cells (Fig. 6); and sometimes, in these areas, there was a lymphoplasmacytic in-
flammation with scarce neutrophils. These lesions were frequent in cases 10 and 11 (both dogs). Two cases (case
5 and 6) were distinctive for a severe perivascular lymphoplasmacytic inflammation expanding the Virchow-Robin
spaces forming up to 18 layers of inflammatory cells (Fig. 13), rare yeasts were seen within these areas. In case 6,
there was also lymphoplasmacytic choroid plexistis and meningitis with rare yeasts associated to these lesions.

Spinal cord involvement was observed in one dog (case 11) and three cats (cases 7, 8 and 9). Inflammatory
infiltrate mainly consisted of lymphocytes and plasma cells, with foamy macrophages in less amounts and rare
neutrophils, in this organ. In all cases with spinal cord involvement, yeasts were on the subdural space, sometimes
infiltrating the leptomeninges, in all regions (cervical, thoracic and lumbossacral), sometimes forming macroscop-
ically visible nodules (case 11).

Yeasts were not seen infiltrating the neuropil on the spinal cord, but sometimes, there was compression of
the underlying parenchyma where yeasts aggregates were observed, wherein a slight presence of multifocal axonal
degeneration was seen, characterized by swollen axons (spheroids), digestion chambers and fragmented myelin
sheaths in the white matter. Nerve root invasion was seen in cases 7 and 11 (Fig. 14), sometimes in the epidural
space around them, causing the enlargement of nerve roots described. The paravertebral ganglia, were affected in
case 7, with yeasts invading and partially replacing the nervous tissue. Two cases (cases 7 and 11) had ocular
involvement, with partial to total replacement of the optic nerve by yeasts (Fig. 15).

Yeast’s morphology

The yeast cell and capsule thickness and budding frequency are summarized in Table 3. Yeast cells ranged
from round to oval and occasionally “sickle” shaped, with a mildly basophilic cytoplasm. They were surrounded by
a mildly basophilic (and sometimes bi-refringent) cell wall, which was typically thin, and rapped by a large, clear
capsule that formed a distinct unstained halo in HE staining. The use of Alcian Blue staining technique provided a
more effective visualization of the capsules, highlighting their presence. Narrow-based buddings were occasional,



observed in all cases (Fig. 13). Chain budding was rare, seen in cases 6 and 9.

Increased cell wall thickness was observed in cases 4, 7 and 8, wherein the wall was mildly eosinophilic
and occasionally duplicated. Case 3 had predominance of yeasts with absent to minimal capsule formation and
decreased wall thickness; in all cases, yeasts with small capsules were usually seen inside the cytoplasm of macro-
phages, often in multinucleated giant cells, or inside blood vessels (Fig. 16). In areas with severe inflammatory
infiltrate, there was frequent loss of the capsular architecture.

Yeasts in the lumen of blood vessels (vascular embolism) were occasionally observed in all cases, mostly
within the meningeal vessels (Fig. 16), and rarely in the neuropil vessels. Larger yeasts, with thicker capsules, were
mainly visualized in the meninges (and lungs), or in large aggregates within the neuropil, usually associated to
mild or absent inflammation.

Other affected organs

Lesions in the upper respiratory tract were observed in two cats (cases 6 and 9), described as well-defined,
round shape with a grayish to whitish color, soft and gelatinous nodules; microscopically, they were composed by
yeast’s aggregates with a high fungal load infiltrated by mild inflammation of macrophages and lymphocytes. One
cat (case 9) had a nodule on the lateral region of the right nostril (measuring 2.0 x 1.5 x 1.0 cm). The other cat (case
6) had a nodule in the larynx (measuring 1.0 x 0.6 x 1.0 cm); this animal also had a substantial amount of amor-
phous, soft, whitish material, occupying a significant portion of both frontal sinuses. Histopathology revealed a
widespread presence of yeasts with mild to absent inflammatory infiltrate.

Histopathological examination of the lungs revealed presence of yeasts in all cases, most had a low fungal
burden (seven cases); however, in cases 3 and 9 it was moderate and in cases 1 and 2 it was high. On gross exami-
nation, 9 cases had lesions (all except cases 3 and 4); the lungs appeared slightly firm, heavy, and shiny, occasionally
with punctate areas of hemorrhage. Moderate to severe edema and congestion were frequently seen on histopatho-
logical examination, yeasts were seen as individual or small groupings, surrounded by a mild inflammatory infil-
trate, predominantly composed of foamy macrophages. Yeast’s cell enlargement was frequent in this organ, as well
as a marked variation in size, from very small cells with minimal capsule to large cells surrounded by wider cap-
sules.

Other organs where yeasts were detected included: the lymph nodes (eight cases), spleen (four cases),
skin (three cases), kidneys (three cases), liver, and heart (one case).

DISCUSSION

This case series comprises 11 small animals (nine cats and two dogs) with cryptococcosis, affecting in
some degree the central and/or the peripheral nervous system. Neurological signs were observed in 54% of our
cases (four cats and two dogs). Comparing these results to another study (Sykes et al. 2010), neurological signs
were present in 95% of their animals; however, their cases were selected based on magnetic resonance imaging
(MRI) findings. This difference can also be explained by the fact that not all animals in our study were neurological
cases, many had only cutaneous or respiratory signs, but during the histopathological evaluation they had lesions
and yeasts in the nervous system.

The most common signs observed were blindness and head tilt. According to the literature, neurological
signs usually include depression, circling, head pressing, paresis, lethargy, behavioral changes, gait abnormalities,
vestibular signs (including head tilt), ocular signs consistent with nystagmus, and tight circling, seizures, mydriasis,
and blindness (Caswell & Williams 2016). Apparent pain is more commonly reported in dogs (33%), than in cats
(8%), in the cervical region and head (Sykes et al. 2010). In the present study, one dog (case 11) had clinical history
of pain upon epaxial palpation throughout the vertebral column; the lesions observed on the nerve roots of the
spinal cord in this case could provide an explanation for this pain.

Only three cases (cats; 27%) were diagnosed with cryptococcosis before necropsy and all of these ones
had cutaneous manifestations in this study. Cutaneous disease was seen in animals with neurocryptococcosis, be-
ing more common in cats (15%) than in dogs (4,7%) (Sykes et al. 2010). Small cutaneous or subcutaneous masses
can aid in the clinical diagnosis, particularly in felines, where fungal rhinitis in the rostral nasal cavity is the most
common presentation (Caswell & Williams 2016). The remaining eight cases (73%) had their definitive diagnosis
after necropsy, during histopathological examination in our study. A similar situation has been described by other
authors in fungal infections, which describe a frequent lack of characteristic clinical alterations for a presumptive
diagnosis (Kaufman 1992, Jensen et al. 1996, Sykes et al. 2010).

In this study, it was tried to assess whether there was pulmonary infection in all cases with neurocrypto-
coccosis, considering that the agent lodges in the upper respiratory tract, and then descends to the lungs, followed
by secondary hematogenous spread to the CNS, eyes, skin, and other organs (Faria & Xavier 2009). In the routine
of necropsies, the evaluation of the nasal cavity is not frequent, unless there is an indication (such as skin lesions
in the nasal area) for this evaluation. For this reason, in this study, pulmonary involvement was analyzed, as this
organ is routinely examined, even in the absence of gross lesions or respiratory clinical signs. Only two cases had
nasal lesions; however, all the examined cases had pulmonary infection in some degree in this study.



Gross lesions found in the CNS were multiple small "cysts", referred in the literature as "cryptococcomas”,
with a viscous, gelatinous appearance, being the faint gray appearance attributed to the presence of the mucinous
capsule (Miller & Zachary 2016). Large gelatinous lesions, also referred to as "torulomas”, indicating unrestricted
growth of the cryptococcal organisms (Ristow & Davis 2021), could provide an explanation for case 11 (dog) with
a focally extensive enlarged area (measuring 11 cm) in the lumbosacral region of the spinal cord, leading to the
development of a significant lesion in that specific area. However, the reason for the involvement of that area was
not determined in this case. Enlargement and softening of the olfactory bulbs, and cerebellar herniation through
the foramen magnum (11.5% each), as described in another study (Sykes et al. 2010), was not found in this case
series. However, gray gelatinous masses (36%), opacity and congestion of the meninges, and foci of hemorrhage
(9% each) were frequently observed in the CNS of our cases.

Despite the most common route the agent reaches the brain is through pulmonary infection, where the
yeast spread through bloodstream through leukocytic trafficking (Caswell & Williams 2007), yeasts may also reach
the brain through a different pathway, an infection (usually subclinical) of the nasal cavity, where the microorgan-
ism can quickly penetrate the nasal and frontal bones, reaching the brain by extension, either through the cribri-
form plate or optic nerves (Lester et al. 2004, Malik et al. 2006). In this study, lesions on the nasal cavity were
detected in two cats; in one of them (case 6), occupying a significant portion of both frontal sinuses; however,
retrospectively, it was not possible to determine if the yeasts entered the CNS through the bloodstream or by ex-
tension, since pulmonary involvement was present in this case.

Literature describes three histopathological patterns for neurological cryptococcosis in dogs and cats,
which are not correlated with infecting species: a) pseudocyst formation, characterized by the expansion of cryp-
tococcal organisms along ventricular and subarachnoid spaces, leading to random, multifocal, and variable-sized
intraparenchymal pseudocysts; b) diffuse meningitis alone, without the presence of pseudocysts or involvement
of the brain parenchyma; and c) meningoencephalitis without evident pseudocyst formation (Sykes et al. 2010).
According to this classification, in our study, five cases (7, 11, 2, 4, 6) are compatible with the pseudocyst formation
pattern (described in this case series as large aggregates of yeasts inside the neuropile), three cases (10, 5, 9) with
the diffuse meningitis alone pattern, and three cases (1, 3, 8) with the meningoencephalitis pattern.

In one cat (case 5), no alterations were observed in the physical, hematological, and radiographic exams;
however histopathological examination of this case revealed a severe perivascular lymphoplasmacytic inflamma-
tion observed expanding the Virchow-Robin spaces; yeasts were observed only in the meninges and the inflamma-
tory infiltrate observed around them was distinctly different from the perivascular inflammatory infiltrate. A sim-
ilar inflammatory infiltrate was seen causing a lymphoplasmacytic choroid plexitis and meningoencephalitis in a
cat (case 6). This phenomenon could have been caused by the translocation of yeasts from the bloodstream to the
brain, leading to severe damage to the micro-vascular structure. The presence of rare yeasts associated with the
vascular cuff in one of the cases supports this possibility (Charlier et al. 2005). Another possibility is that this
animal could have a non-diagnosed concomitant viral disease (Pedersen et al. 2009).

The most affected neurolocations in our study were the telencephalic cortex and cerebellum (100% each),
followed by thalamus and hippocampus (72,7%), and pons (45,4%). Sykes et al. (2010) found similar CNS loca-
tions: cerebrothalamic (96%), cerebellum (88%), pons and medulla (72%), and midbrain (52%). In one cat the
ependyma of the lateral ventricle showed infiltration by a mild number of yeasts and in a specific area the yeasts
were seen causing ependymal disruption; and one case had the lateral ventricle markedly filled with yeasts. This
finding may indicate the possibility of dissemination of the agent through the cerebrospinal fluid, Corroborating the
findings reported by other authors. Choroid plexitis was seen in one dog and two cats. These lesions are more often
described in dogs with neurocryptococcosis (Sykes et al. 2010). In a study in mice (Charlier et al. 2005), yeast cells
were not detected in the choroid plexus, a structure that consistently exhibited normal morphology.

In four cases (36%) yeasts were observed in the spinal cord, mostly in the leptomeninges and in the sub-
arachnoid and subdural spaces. Nerve root invasion was present in two cases (one dog and one cat). The paraver-
tebral ganglia, however, were affected only in one cat; central canal or spinal cord parenchyma involvement was
not observed. When comparing this to the literature, spinal cord involvement was observed in 18% of cats and
43% of dogs. Only one cat (9%) also had spinal nerve root involvement, and in 14% of the dogs, yeasts were seen
in the central canal (Sykes, et al. 2010).

The predominant yeast morphological pattern observed in this study was a central fungal cell surrounded
by a thick (polysaccharide) capsule that typically did not stain with HE technique, giving the characteristic vacuo-
lated appearance, often described as a "soap bubble" lesion (Malik et al. 2006, Faria & Xavier 2009, Kronstad et al.
2011). The capsule of the agent was strongly stained by Alcian Blue. This staining proved to be an important tool
in highlighting yeasts in tissues with very low fungal burden, as previously described (Galiza et al. 2014), particu-
larly in the lungs, where the presence of yeasts was revealed in three cases (cats 1, 5, and dog 11) that were not
previously detected by HE staining.

Only one cat (case 3) displayed an aberrant morphological feature, where multiple tissues showed a pre-
dominance of yeasts with absent to minimal capsule formation, having rare yeasts with regular capsule sizes. This
particular case stood out as the sole patient in this study with a previous history of treatment (drug not informed)
for cryptococcosis. This morphological change may have relation with the treatment, since studies demonstrate
that although individual treatment with Amphotericin B or TRB Terbinafine does notlead to a reduction in capsule,



the combination of these two drugs significantly decreased capsule size compared to the control cells (Guerra et
al. 2012).

In this case series, none of the cases had available information regarding the specific species of the agent.
This does not prevent the study of tissue damage caused by infection with this fungus genus, as demonstrated in a
similar study of neurocryptococcosis (Sykes et al. 2010) on 11 cats and 14 dogs submitted to necropsy, in which
only one cat (infected with C. gattii) and six dogs (four infected with C. neoformans and two with C. gattii) had the
infecting Cryptococcus species determined.

The observed heterogeneity in the inflammatory response and fungal burden reveals the complex nature
of this infection. Authors describe that it can be related to the yeast's virulence factors and the host's immunolog-
ical status (Buchanan & Murphy 1998, Steenbergen & Casadeval 2003, Caswell and Williams 2007). However, fur-
ther investigations are still needed to elucidate the implications of this variability, as well as to explore it for disease
progression and management strategies, contributing to a better understanding of the cryptococcosis pathogene-
sis.

CONCLUSION
This study shows the neuropathological features of cryptococcosis in a series of cases in dogs and cats,
emphasizing the importance of considering specific neurolocations for diagnosis of this fungal infection. The tel-
encephalic cortex and the cerebellum were consistently involved in all cases, along with the lungs, despite not all
cases presenting neurological and/or respiratory signs or gross lesions in these tissues. These findings highlight
the significance of necropsy and histopathologic examination as valuable diagnostic tools for cryptococcosis.
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Figures

Fig. 1-4. 1. Arrows: piriform lobes with friable, soft, round, gelatinous, and grayish nodules expanding the paren-
chyma, ranging from 0.1 to 2 cm. Neurocryptococcosis, cut surface of telencephalic cortex, cat, case 7. 2. Arrows:
soft, round, gelatinous, and grayish nodules expanding the meninges, and causing meningeal opacity. Ranging from
0,1 to 1 cm. Neurocryptococcosis, cerebellum, cat, case 6. 3. Enlargement of the nerve roots. Neurocryptococcosis,
spinal cord (lumbar region), dog, case 11. 4. Bilateral swelling of the extracranial portion of the optic nerve Neu-
rocryptococcosis, eye, dog, case 11.
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Fig. 5-8. 5. Yeast’s aggregate surrounded by mild inflammation; predominance of foamy macrophages, fewer lym-
phocytes and plasma cells; severe fungal burden. Neurocryptococcosis, telencephalic cortex (meninges), cat, case
7. HE (obj.40x). 6. Aggregated to individualized yeasts, surrounded by moderate inflammation; predominance of
foamy macrophages, slight increase in the number of lymphocytes and plasma cells; moderate fungal burden. Neu-
rocryptococcosis, telencephalic cortex (meninges), cat, case 4. HE (0bj.40x). 7. Individualized and interspersed
yeasts by severe inflammation; predominance of lymphocytes and plasma cells, with fewer macrophages; mild
fungal burden. Arrow: indicates multinucleated giant cell engulfing a yeast. Neurocryptococcosis, telencephalic
cortex (meninges), dog, case 1. HE (0bj.40x). 8. Aggregated yeasts surrounded by no inflammation; severe fungal
burden. Neurocryptococcosis, cerebellum (meninges), cat, case 2. HE (obj.20x).



Fig. 9-12. 9. Blue-stained yeasts around blood vessels in the neuropil, expanding the Virchow-Robin spaces. Neu-
rocryptococcosis, telencephalic cortex (white matter), cat, case 3. Alcian Blue (0bj.40x). 10. Blue-stained yeast’s
aggregates in the neuropile; high fungal burden with mild to absent inflammatory infiltrate. Neurocryptococcosis,
cerebellum, cat, case 7. Alcian Blue (0bj.20x). 11. Blue stained yeast’s aggregates in the meninges forming large
aggregates; high fungal burden with mild to absent inflammatory infiltrate. Neurocryptococcosis, cerebellum, cat,
case 6. Alcian Blue (0bj.20x). 12. Blue stained yeasts around choroid plexus blood vessels; severe fungal burden
and mild inflammation. Arrows: indicate narrow based budding and chain budding. Neurocryptococcosis, choroid
plexus, cat, case 6. Alcian Blue (0bj.40x).



Fig. 13-16. 13. Blue-stained yeasts in the meninges, low fungal burden and moderate inflammation. Arrow: indi-
cates accentuated perivascular lymphoplasmacytic inflammation. Neurocryptococcosis, telencephalic cortex, cat,
case 5. Alcian Blue (0bj.40x). 14. Blue-stained yeasts invading and partially replacing the nervous tissue, severe
fungal burden with minimal inflammation. Neurocryptococcosis, spinal cord, nerve roots (lumbar region), dog,
case 11. Alcian Blue (0bj.10x). 15. Invasion and replacement of the optic nerve region by yeasts. Neurocryptococ-
cosis, eye, dog, case 11. HE (obj.20x). Inset. Acian blue-stained yeasts in the optic nerve. Alcian Blue (obj.20x). 16.
Blue-stained yeasts inside a blood vessel (fungal emboli) of the dura mater. Neurocryptococcosis, spinal cord (tho-
racic region), cat, case 9. Alcian Blue (0bj.40x).



Tables

Table 1. Neurocryptococsis in cats and dogs. Inflammatory intensity and fungal burden average score in the CNS
of each neurolocation (n=11).

Nervous system location Cases* (n) Inflammatory response Fungal burden
**(average value) **(average value)

Telencephalic cortex 11 (11) 1,36 2,27

Basal ganglia 1(1) 3 1

Thalamus and hippocampus 8(9) 1,11 1,88

Mesencephalon 3(4) 0,75 2

Cerebellum 11 (11) 1,45 1.9

Choroid plexus 3(3) 2,25 1

Pons 5(6) 1 1,66

Spinal cord (cervical, thoracic

and lumbossacral) /nerve 4(4) 0,75 2

roots/ para-vertebral ganglia

Optic nerve 2(2) 1,5 2,5

* The number of cases with each specific affected neurolocation was considered among the available paraffin
blocks (n). **The score of each case for inflammatory response and fungal burden was added and divided by the
number of individuals with involvement of each neurolocation, resulting in an average value of each coefficient.

Table 2. Neurocryptococsis in cats and dogs. Intensity of inflammation and fungal burden for each case (n=11).

Case Inflammatory intensity Fungal burden
1 moderate severe
2 mild severe
3 mild severe
4 moderate moderate
5 severe mild
6 moderate severe
7 mild severe
8 moderate severe
9 severe mild

10* moderate moderate
11* moderate moderate

* cases of dogs

Table 3. Neurocryptococsis in cats and dogs. Intensity of inflammation and fungal burden for each case (n=11).

Case Capsule thickness Wall thickness Budding frequency
1 regular** Increased regular
2 increased regular** regular
3 decreased to absent decreased high
4 increased increased high
5 regular regular low
6 regular regular high
7 increased increased low
8 increased increased high
9 decreased decreased high

10* regular regular low

11* regular regular low

* cases of dogs. ** The thickness of the wall and of the capsule were classified as decreased, regular, or increased
subjectively compared to parameters of Galiza et al. (2014).



4 CONCLUSAO

Este estudo apresenta as caracteristicas neuropatoldgicas da criptococose em caes e gatos,
enfatizando a importancia de considerar neurolocaliza¢des especificas nesta infec¢do. Observou-se
que o cortex telencefalico e o cerebelo estavam consistentemente envolvidos, juntamente com os
pulmdes, mesmo nos casos que nao apresentavam sinais neurologicos e respiratdrios ou lesdes ma-
croscopicas nestes 0rgaos. Os resultados demonstram a importancia da necropsia, ndo s6 para o diag-
nodstico da neurocriptococose, mas para a identificagdo de nuances da doenca que nao sdo facilmente
discerniveis em exames clinicos ou de imagem. A avaliacdo integrada de lesdes macroscopicas, his-
tologia e sinais clinicos, € a correlagdo cuidadosa entre estes espectros, ndo so possibilitou a descrigao
mais precisa da doenca, mas também permitiu a apreciagdo da complexidade de suas manifestacdes.
Os resultados contribuem para uma melhor elucidagdo da distribuicdo e da patogénese da neurocrip-
tococose, podendo também contribuir para melhorias na precisdo dos diagnosticos e na eficacia das

intervengoes terapéuticas.
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