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RESUMO

PEREIRA, Gabriela Oliveira. Doencas de gatos domeésticos (Felis catus) durante os
primeiros anos da pandemia de COVID-19: um estudo retrospectivo multi-
institucional de necropsias do Mato Grosso e Rio de Janeiro, Brasil. 2023, 51p.
Dissertacdo (Mestrado em Medicina Veterinaria — Patologia e Ciéncias Clinicas). Instituto
de Veterinaria, Departamento de Epidemiologia e Saude Publica, Universidade Federal
Rural do Rio de Janeiro, Seropédica, RJ, 2023.

Estudos que investigam causas de morte na espécie felina tém crescido e apresentam
informacdes para médicos veterinarios, grupos de pesquisa, empresas do ramo veterinario e
proprietarios. Foram relatadas a causa de morte ou eutanasia de gatos domésticos no periodo
de Janeiro de 2020 a Dezembro de 2021, durante a pandemia de SARS-CoV-2. Os dados
foram obtidos a partir de necropsias realizadas pelo Setor de Anatomia Patoldgica da
Universidade Federal Rural do Rio de Janeiro (SAP/UFRuralRJ) e do Laboratério de
Patologia Veterinaria da Universidade Federal de Mato Grosso (LPV/UFMT). Neste
periodo, foram realizadas 96 necropsias de gatos domésticos. Estabelecemos a causa da
morte de 87 felinos (90,4%) e 9 felinos ndo foram conclusivos (10,6%). Estabelecemos
grupos diagnosticos: infecciosa e parasitaria (37,5%), neoplésicas (14,5%), outras causas
(8.4%), malformacdo (7,3%), doenca do trato urinario inferior felino DTUIF (7,3%),
degenerativa (6,2%), trauma (6,2%) e iatrogénica (3,1%). As doencas infecciosas
correspondem ao grupo de doencas mais observadas em gatos do Rio de Janeiro e Mato
Grosso e a pneumonia foi mais diagnosticada (19,8%). Todos os 96 felinos foram testados
por RT-PCR para os genes ORF-1a, Nucleocapsideo 1 e Nucleocapsideo 2 de SARS-CoV-
2 foram negativos. Amostras de pulmao e rim foram submetidas & imuno-histoquimica, com
anticorpos anti-nucleocapsideo anti-SARS-CoV e anti-proteina Spike SARS-CoV-2. Em um
felino, houve imunomarcacgdo para os dois anticorpos testados, com histérico de RT-qPCR
positivo para SARS-CoV-2 em amostras de swab oronasal e nasofaringeo. O estudo imuno-
histoquimico e a vigilancia molecular em felinos do Brasil em 2020 e 2021 demonstraram
uma baixa frequéncia de infeccdo por SARS-CoV-2. Ressaltamos que os estudos de causa
morte e a vigilancia de zoonoses na espécie felina devem ser explorados e continuos.

Palavras-chave: SARS-CoV-2, felinos domésticos, eutanasia, morte natural, imuno-

histoquimica.



ABSTRACT

PEREIRA, Gabriela Oliveira. Diseases in domestic cats during pandemy: a multi
institutional necropsy study from Mato Grosso and Rio de Janeiro, Brazil. 2023, 51p.
Dissertacdo (Mestrado em Medicina Veterinaria — Patologia e Ciéncias Clinicas). Instituto
de Veterinaria, Departamento de Epidemiologia e Saude Publica, Universidade Federal
Rural do Rio de Janeiro, Seropédica, RJ, 2023.

Investigations into causes of death in the feline species have grown and provide information
for veterinarians, research groups, veterinary companies and owners. The cause of death or
euthanasia of domestic cats was reported from January 2020 to December 2021, during the
SARS-CoV-2 pandemic.

Herein we presented the cause of death or euthanasia of cats from January 2020 to December
2021, during the first and second year of SARS-CoV-2 pandemic. The data were obtained
from necropsies performed by “Setor de Anatomia Patologica” from “Universidade Federal
Rural do Rio de Janeiro” (SAP/UFRuralRJ) and the “Laboratoério de Patologia Veterinaria”
from “Universidade Federal de Mato Grosso” (LPV/UFMT). A total of 96 feline necropsies
were performed. We established the reason for death for 87 cats (90.4%) and 9 cats were
inconclusive (10.6%). We established the diagnostic groups: infectious and parasitic
(37.5%), neoplasm (14,5%), other causes (8.4%), malformation (7.3%), lower urinary tract
disease LUTD (7.3%), degenerative (6.2%), traumas (6.2%) and iatrogenic (3.1%). The most
frequent disease group in cats from Rio de Janeiro and Mato Grosso was infectious disease,
and most frequent disease was pneumonia. We confirmed by RT-PCR that 96 cats were
negative for the ORF-1a, Nucleocapsid 1 and Nucleocapsid 2 genes of SARS-CoV-2. Lung
and kidney samples were subjected to immunohistochemistry, with anti-SARS-CoV anti-
nucleocapsid and anti-SARS-CoV-2 Spike protein antibodies. In one feline, there was
immunostaining for the two antibodies tested, from a feline with a history of positive RT-
gPCR for SARS-CoV-2 in oronasal and nasopharyngeal swab samples. The
immunohistochemical study and molecular surveillance in domestic felines in Brazil in 2020
and 2021 demonstrated a low frequency of SARS-CoV-2 infection. We emphasize that
studies on the cause of death and surveillance of zoonoses in feline species must be explored
and continued.

Key-words: SARS-CoV-2, domestic cats, euthanasia, natural death, immunohistochemistry
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1 INTRODUCAO

Estudos retrospectivos que abordam as principais enfermidades na espécie felina
sdo escassos. No contexto mundial, ha levantamentos de causas de morte na espécie felina
que abordam todos os sistemas, no Reino Unido (MURRAY et al., 2008), Estados Unidos
(KENT et al., 2022), Canada (OLSEN & ALLEN, 2001), Portugal (MANTEIGAS et al.,
2013) e Itdlia (GRIECO et al., 2021). No Brasil, ha apenas levantamentos no Sul (TRAPP
etal., 2010, ROLIM, 2017; TOGNI et al., 2018, WITHOEFT et al., 2019) e no nordeste do
pais (BATISTA et al., 2016).

No ambito da salde publica, os felinos apresentam uma relacdo de proximidade
com o ser humano ha muitos anos (VIGNE et al., 2004). E comum que ocorra 0
guestionamento inerentes quanto aos riscos, ocorréncia de doencgas zoondéticas, e também, a
propagacdo de doengas entre gatos domiciliados e ferais, e outras espécies e questionamentos
sobre saude publica e bem-estar felino (ROBERTSON, 2008).

Entre as principais zoonoses transmitidas de felinos para humanos destacam-se,
principalmente, toxoplasmose (INPANKAEW et al., 2021), esporotricose (BARNACLE et
al., 2023), raiva (MA et al., 2022), leishmaniose (MATRALIS et al., 2023) e criptococose
(COSTA et al., 2022). E no cenario pandemico do presente estudo, uma nova zoonose foi
inserida a essa lista, através de dados de estudo de uma possivel transmissdao de SARS-CoV-
2 de um felino para humano (SILA et al., 2021). Uma vez que felinos sdo suscetiveis a
infeccdo por SARS-CoV-2, principalmente os que apresentam comorbidades prévias
(SEGALES et al., 2020, JARRAH et al. 2023).

SARS-CoV-2 é o agente etiologico da doenga denominada Coronavirus Disease
(COVID-19), uma sindrome respiratoria aguda zoonotica grave detectada na cidade de
Wuhan, na China, em dezembro de 2019. A primeira comunicacao cientifica sobre infec¢cdo
de ocorréncia natural por SARS-CoV-2 em felinos domésticos foi relatada nos Estados
Unidos. Dois gatos apresentaram sinais respiratorios com duracdo de 8 e 10 dias e se
recuperaram totalmente. Eles pertenciam a pessoas com suspeita ou confirmacédo de COVID-
19 (NEWMAN et al., 2020). Em seguida, foram diagnosticadas infec¢do de ocorréncia
natural por SARS-CoV-2 em um tigre (Panthera tigris) (USDA, 2020), ledo (Panthera leo)
(MCALOOQSE et al., 2020), puma (Puma concolor) (USDA, 2021a)., leopardo-das-neves
(Panthera uncia) (WANG et al., 2022) e lince (Lynx canadensis) (USDA, 2021d).

Sob essa 6tica, estudos de causas de morte em felinos na regido sudeste e centro-
oeste do Brasil até o presente momento ndo foram identificados, bem como a ocorréncia de
doengas de felinos que ocorrem nos estados que compdem essas regides podem néo
representar as demais areas do pais previamente investigadas. Através dos levantamentos
podemos apontar as doencas especificas, melhorias de bem-estar, e variagdes conforme sua
procedéncia.

O objetivo desse trabalho foi realizar uma identificacdo e quantificacdo dos
diagnostico post-mortem de felinos necropsiados nos estados do Rio de Janeiro e Mato
Grosso, com auxilio da histopatologia e biologia molecular, durante os primeiros anos da
pandemia de SARS-CoV-2. Concomitantemente, investigar a ocorréncia de infeccéo por
SARS-CoV-2 em fragmentos de conchas nasais, pulméo e rim dos felinos necropsiados nos
de 2020 e 2021, primeiros anos de pandemia de COVID-19, por meio de exame imuno-
histoquimico e molecular.
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2 REVISAO DE LITERATURA

2.1 A espécie felina

As evidéncias arqueoldgicas e genéticas sugerem a derivacdo de todos os felinos
domeésticos do gato selvagem (Felis silvestris lybica) do Proximo-Oriente. Estudos relatam
o transporte de felinos para ilha de Chipre ha aproximadamente 11.000 anos atras, sua
interacdo com humanos se dava pela importancia no controle de camundongos nos
armazenamento de grdos cultivados (Vigne et al., 2012). Na China, a domesticacdo dos
felinos € datada em 5.300 anos atras e evidencia uma relacdo mutual entre pessoas e felinos
(HU et al., 2014). No Egito, um jovem felino foi encontrado em um enterro ha cerca de 3700
a.C (LINSEELE et al., 2007).

A relacdo felino e humano tem aumentado ano ap6s o ano, dados do IBGE (2019)
quantificaram 23,9 milhdes de felinos domésticos no Brasil. Em comparacdo ao censo de
2017 notou-se um aumento de aproximadamente 8% (IBGE, 2017). Frente ao promissor
aumento populacional, é comum ocorrer 0 questionamento da relacdo de interacdo entre
felinos e humanos e seus riscos. E natural uma preocupagao quanto a ocorréncia de doengas
zoonoticas, a propagacdo de doencas entre a espécie, entre gatos domiciliados e ferais, e
outras espécies, além disso, questionamentos sobre saude publica e bem-estar felino
(ROBERTSON, 2008).

2.2 Causas de morte em felinos

Estudos retrospectivos que abordam as principais enfermidades na espécie felina
s&0 escassos no mundo e no Brasil. E de extrema importancia apontar as principais causas
de morte em felinos, para assim destacar formas de acfes e inovagdes em tratamentos e
profilaxia das doencas descritas em cada regido. As principais zooonoses transmitidas pela
espécie sdo principalmente, toxoplasmose (INPANKAEW et al., 2021), esporotricose
(BARNACLE et al., 2023), raiva (MA et al., 2022), leishmaniose (MATRALIS et al., 2023)
e criptococose (COSTA et al., 2022). E ndo obstante, diante do cenario pandemico do
presente estudo, um alarde foi acionado pelo relato de possivel transmisdo de SARS-CoV-2
de um felino para humano (SILA et al., 2021).

Ha levantamentos no Reino Unido (MURRAY et al., 2008), Canada (OLSEN &
ALLEN, 2001), Portugal (MANTEIGAS et al., 2013), Estados Unidos (KENT et al., 2022)
e Italia (GRIECO et al., 2021). No Brasil, ha apenas levantamentos no Sul (TRAPP et al.,
2010, ROLIM, 2017; TOGNI et al., 2018, WITHOEFT et al., 2019) e no nordeste do pais
(BATISTA et al., 2016). No Reino Unido, um estudo foi realizado nos centros de adogé&o de
felinos, num periodo de cinco ano, com 379 felinos, determinou que doengas infecciosas séo
as principais causas de morte e razoes para eutanasia em felinos de abrigo (MURRAY et al.,
2008). No Canada, um levantamento de dez anos, entre 0s anos de 1989 e 1999, com 79
felinos, determinou que a principal causa morte em felinos foi traumatismo (OLSEN &
ALLEN, 2001).

Em Portugal, as causas de morte de 100 felinos com mais de nove anos de idade foi
a doenca renal cronica, seguido de neoplasias e doencas infecciosas (MANTEIGAS et al.,
2013). Neste estudo ndo foram realizadas necropsias. Em Mildo, Italia, um estudo de
retrospectivo de cinco anos com 186 felinos apontou que doengas infecciosas foram as mais
relevantes, principalmente em filhotes e gatos jovens. (GRIECO et al., 2021).

Nos Estados Unidos, um recente estudo com 3.108 casos durante 30 anos, na cidade
da California apontou que neoplasias foi a causa mais comum de morte (35,81%),
destacando-se principalmente as neoplasias mesenquimais. Neste estudo foi determinado
que a castracdo de fémeas e machos aumentam a expectativa de vida e FeLV diminui a
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longevidade de vida com taxas estaticamente diferentes (KENT et al., 2022).

No Brasil, o primeiro estudo realizado que determinou as causas de morte em
felinos foi em um hospital veterinario universitario no Parana, entre julho de 2005 e julho
de 2009. O estudo observou que os distarbios provocados por agentes fisicos e distarbios
urinarios foram os principais motivos que resultaram na morte do animal ou razdo de
eutanasia (TRAPP et al., 2010). Posteriormente, levantamentos que abrangem resultados dos
exames de necropsia foram realizados Sul e Nordeste do pais.

O dnico levantamento de doencas diagnosticas por necropsias no Nordeste é no
estado do Piaui, através de dados de exames de necropsia realizadas, em intervalo de cinco
anos, entre os anos de 2009 a 2014 (BATISTA et al., 2016). Na rotina local detectou-se que
61,6% dos felinos necropsiados eram machos e 38,4% fémeas e 29,1% tinham menos de um
ano; 39,5% de 1,1 a 5 anos; 18,6% de 5,1 a 10 anos e 2,3% acima de 10,1 anos. E as
principais enfermidades diagnosticadas, nos 86 felinos necropsiados eram infecciosos
(18,6%), lesbes associadas ao trato urinario (15,1%), traumaticos (8,1%) e neoplasicos
(8,1%) (BATISTA et al., 2016).

Na regido Sul ha um maior numero de levantamentos, abrangendo duas regides do
Rio Grande do Sul (ROLIM, 2017; TOGNI et al., 2018) e Santa Catarina (WITHOEFT et
al., 2019). Na regido serrana de Santa Catarina o estudo delinou-se em um levantamento das
causas de morte e razoes para eutanasia em gatos em um periodo de 20 anos (1995 a 2015).
Os dados obtidos no estudo apontam que as necropsias foram realizadas principalmente em
machos (46,1%), adultos (50,1%), e a idade média de filhotes foi de 5,1 meses, adultos foi
3,9 anos e idosos 13,9 anos. E as enfermidades mais diagnosticadas foram peritonite
infecciosa felina (29,8%), seguida das neoplasias (11,9%), e traumatismos (11,8%)
(WITHOEFT et al., 2019).

Na regido metropolitana do Rio Grande do Sul, um levantamento foi realizado em
um periodo de 15 anos (2000 a 2015), em que foram realizadas 1.753 necropsias de gatos,
dos quais 77,8% tiveram diagndsticos conclusivos. As duas categorias de enfermidades com
maior frequéncia foram: neoplasmas (20%) e doencas infecciosas/parasitarias (17,8%). As
causas de morte mais frequentes incluiram: politraumatismo (13,4%), linfoma (8,8%) e
peritonite infecciosa felina (7,9%) (ROLIM, 2017).

Na regido central do Rio Grande do Sul, um levantamento realizado abrangendo
um periodo de 49 anos, entre 0s anos de 1964 e 2013, foram diagnosticados 878 felinos com
causa de morte ou razdo de eutanasia estabelecida. Os distdrbios mais diagnosticados foram
alocados em grupos, no qual agentes fisicos, seguido de doengas infeciosas e parasitarias e
de tumores obtiveram maior frequéncia. Além disso, estabeleceu-se a relacdo de resultados
com idade dos felinos. Nos filhotes, a doenga com maior frequéncia foi a peritonite infeciosa
felina. Em adultos, a maioria dos diagnésticos foram os distarbios do trato urinario inferior,
traumas e distUrbios iatrogénicos. Nos idosos houve maior frequéncia de doenca renal
crénica (TOGNI et al., 2018).

H4, ainda, levantamentos mais especificos apresentam informagdes de apenas um
grupo de diagndstico especifico, como tumores (MANUALLI et al., 2020), insuficiéncias
cardiacas (WILKIE et al., 2015) e pneumonias (SLAVIERO et al., 2021), em gatos magros
(DORIA-ROSE & SCARLETT, 2000).

Na medicina, as certiddes de obito fornecem dados epidemiologicos usados para
fins de rastreamento da satde da populacéo, assim como para orientar e alocar recursos de
saude e pesquisa (MYERS & FARQUHAR, 1998). O diagnostico de doencas é a base dos
dados epidemioldgicos sobre a frequéncia de uma doenca. Com aumento da longevidade da
populacdo humana, coincidentemente, aumentam também o desenvolvimento de doencas
degenerativas e processos cronicos que afetam, por vezes, mais de um érgao e sistemas. O
médico pode afirmar que ndo somente uma doenca causou a morte do paciente, mas sim uma
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combinacéo de condicGes que levam a morte do paciente (ERHARDT, 1958).

Na medicina veterinaria ndo ha emissao de certiddes de Obito, apenas a realizacao
de exame de necropsias solicitados por médicos veterinarios e proprietéarios, na maioria das
vezes, realizados em instituicGes de ensino. A falta de exame de necropsia nas espécies
animais pode afetar os dados sobre frequéncia de doencas e atribuir erroneamente uma causa
imediata da morte mediante os ultimos sinais clinicos obseravados (PEIXOTO & BARROS,
1998). O estudo retrospectivo, por meio de levantamentos, é importante na medicina
veterinaria, especialmente na patologia veterinaria pois permite agrupar dados sobre grupo
de doengas; definir a frequéncia de enfermidade em uma espécie; determinar etiologia por
métodos modernos e retificar diagnosticos (FIGHERA, 2008).

E bastante util quantificar a ocorréncia de doencas comuns em gatos, tanto em
termos gerais como em subpopulacdes mais especificas, definidas pelo género, idade e raga.
Esta informacdo sobre frequéncia de doencas em felinos pode ser usada por clinicos
veterinarios para facilitar decisdes médicas. A escassez de publicagdes sobre morbidade
felina reflete em falta de informacdes sobre possiveis riscos populacionais (EGENVALL et
al., 2010).

2.3. SARS-CoV-2 em animais

Em 11 de marco de 2020, a sindrome respiratoria aguda grave ocasionada por
SARS-CoV-2 em humanos foi caracterizada pela OMS como uma pandemia e teve seu fim
no dia 05 de maio de 2023. Os coronavirus pertencem a ordem Nidovirales e familia
Coronaviridae. A subfamilia Coronavirinae é composta pelos géneros Alphacoronavirus e
Betacoronavirus, Gammacoronavirus e Deltacoronavirus. SARS-CoV-2 é causado por um
B-coronavirus (subgénero Sarbecovirus, Subfamilia Orthocoronavirinae) (WOO et al.,
2012; ZHU et al., 2020).

A cepa Severe Acute Respiratory Syndrome-related Coronavirus (SARS-CoV-2)
foi classificada conforme caracteristicas moleculares e filogenéticas. Os coronavirus séo
virus de RNA de fita simples de sentido positivo (+ ssSRNA), com envelope, variando de 60
nandmetros (nm) a 140 nm de didmetro, com projecdes semelhantes a pontas em sua
superficie, conferindo uma aparéncia semelhante a uma coroa na microscopia eletrénica
(RICHMAN et al., 2016). SARS-CoV-2 apresenta pelo menos seis quadros de leitura aberta,
a proteina S ou glicoproteina de superficie, membrana, envelope, nucleocapsideo,
hemaglutina ou hemaglutina-esterase e algumas proteinas acessorias variaveis (CHEN et al.,
2020).

SARS-CoV-2 foi nomeado por causa de sua homologia gendmica com o SARS-
CoV (ZHOU et al., 2020). Os coronavirus podem infectar uma ampla gama de vertebrados,
incluindo morcegos, passaros, pangolins, cobras, camundongos e humanos (ANDERSEN et
al., 2020). Os morcegos sdo 0s maiores reservatorios naturais do género Betacoronavirus
(LI et al., 2005; WOO et al., 2012). Ao ser comparado com outros coronavirus, 0 SARS-
CoV-2 possui cerca de 88% de correspondéncia genética a dois coronavirus derivados de
morcegos, bat-SL-CoVZC45 e bat-SL-CoVZXC21 (LU et al., 2020).

Estudos revelam que ocorre transmissdo humano-animal de SARS-CoV-2
(JARRAH et al., 2023). Especialmente em visons, a transmissdo do SARS-CoV-2 ocorre de
animal para humano (OUDE MUNNINK et al., 2021), também ocorre casos de transmisséo
de hamster para humanos (YEN et al., 2022), gato para humanos (SILA et al., 2022) e cervos
de cauda branca para humanos (FENG et al., 2023).

Espécies domésticas que foram relatadas naturalmente infectadas por SARS-CoV-
2 incluem cées (SIT et al., 2020; MEDKOUR et al., 2021), gatos (ZHANG et al., 2020),
furdes de estimagio (RACNIK et al., 2021 ), hamsters (OIE, 2022) e coelhos (FRITZ et al.,
2022). Em animais de producdo também ha relatos de estudos experimentais com bovinos
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(ULRICH et al., 2020) e suinos (SCHLOTTAU et al., 2020) que apresentam baixo potencial
de infeccdo. Enquanto galinhas de producéo nédo apresentam susceptibilidade de infecgédo
em estudos experimentais.

Naturalmente, sdo relatados a ocorréncia de infecccdo em diversas espécies de
animais, principalmente, em cenarios de interagdo com humanos. Em recintos de zooldgicos
héa relatos de infeccdo, em Nova lorque, EUA, houve a confirmacéo de infeccdo de um tigre
(Panthera tigris) e um ledo (Panthera leo) em um zooldgico, ocasionada por um tratador
(MCALOQOSE et al., 2020). Posteriormente, gorilas (Gorilla gorilla) (USDA, 2021), puma
(Puma concolor) (USDA, 2021b), leopardo-das-neves (Panthera uncia) (WANG et al.,
2022), lince (Lynx canadensis) (USDA, 2021), lontra (Aonyx cinereus) (USDA, 2022)
também de zooldgico testaram positivo para SARS-CoV-2. Até o presente momento ha
relatos de ocorréncia natural em urso-gato-asiatico (Arctictis binturong), quati (Coati mundi)
e gato pescador (Prionailurus viverrinus) (ALLENDER et al., 2022) e sagui da cauda preta
(Mico melanurus) (PEREIRA et al., 2022).

2.4. SARS-CoV-2 em felinos domésticos

Em gatos, a proteina Spike do SARS-CoV-2 penetra na célula ligando-se ao
receptor da enzima de conversdo 2 da angiotensina (ACE2), que promove a vasodilatacédo e
vasoconstricao, consequentemente esta ligada o controle da pressdo arterial, e promove a
regulacdo do Sistema Renina-Angiotensina. Nos felinos esses receptores estdo presentes
principalmente no epitélio respiratorio (VAN DEN BRAND et al., 2008) e intestinal
(CHIOCHETTI et al., 2020).

Outro receptor importante na infeccdo de SARS-CoV-2 sdo as proteases que clivam
e ativam a proteina S no processo de fusdo com a membrana humana sdo a protease
transmembranar serina 2 (TMPRSS2). A TMPRSS2 é expressa amplamente no trato
respiratério humano, em que as células epiteliais também sdo direcionadas para infeccao
viral (LIMA et al., 2020). Ha poucos estudos para determinar a importancia da TMPRSS2
na infeccdo de SARS-CoV-2 em felinos domésticos.

As infecches espontaneas em felinos domésticos sdo relatadas na literatura. Na
Espanha, um gato infectado por SARS-CoV-2, apresentava dificuldade respiratoria e
trombocitopenia, e pertencia a uma familia positiva para COVID-19. O RNA de SARS-
CoV-2 foi detectado apenas em swab nasal, conchas nasais e linfonodo mesentérico e houve
soroconversao, porem o exame histopatoldgico ndo apresentou lesdes compativel com
infeccdo viral (SEGALES et al., 2020).

Na Suica, um gato residido com uma familia afetada por COVID-19 apresentou
espirros, inapeténcia e apatia, enquanto o gato que coabitava era assintomatico. O gato
sintomatico apresentou resultado positivo no RT-PCR para a presenca de RNA viral SARS-
CoV-2 em esfregaco nasal, enquanto o gato assintomatico apresentou resultado positivo no
esfregaco oral, pelos e roupa de cama, assim como o felino sintomatico (KLAUS et al.,
2021).

Na Italia, um gato doméstico com sinais clinicos de pneumonia, foi positivo para
SARS-CoV-2 usando RT-gPCR quantitativo de um esfregaco nasal (MUSSO et al., 2020).
Outro caso, também na Italia, um gato com linfoma intestinal de células B apresentou sinais
respiratdrios, incluindo espirro, tosse e secrecdo ocular, trés dias apds um esfregaco
orofaringeo testado positivo para RNA viral SARS-CoV-2 usando duas reacfes em cadeia
da polimerase transcriptase reversa em tempo real (RT-gPCR). Apés cinco e seis meses
realizou-se teste soroldgico para deteccdo de anticorpos anti-SARS-CoV-2, esse obteve
resultado positivo (KLAUS et al., 2021).

Na Franca, em um estudo realizado com proprietarios com infec¢édo por COVID-
19, um gato com sinais respiratérios e digestivos leves foi positivo por RT-gPCR em swab
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retal, e analise soroldgica confirmou anticorpos contra 0 SARS-CoV-2 em amostras de soro
coletadas com 10 dias de intervalo (SAILLEAU et al., 2020). Na China, o diagndstico de
infecgdo natural por SARS-CoV-2 ocorreu em 6 felinos saudaveis, no qual a transmissdo
ocorreu do contato humano positivo para felino. Os genomas de virus sequenciados de 1
gato e seu dono eram idénticos (BARRS et al., 2020).

Na Bélgica, um gato desenvolveu uma sindrome respiratoria grave se em uma
semana apos seu dono apresentar resultados positivos para SARS-CoV-2. O RNA viral foi
detectado nas amostras de swab nasofaringeo do gato e vomito ou fezes, além disso,
imunoglobulina contra o virus foi detectada no soro em fase de convalescenga
(GARIGLIANY et al., 2020). Na Alemanha, as analises de RT-gPCR e sequenciamento de
genoma completo revelaram a variante SARS-CoV-2 B.1.1.7 que apresentava pneumonia,
como sinal clinico (KELLER et al., 2021).

No Chile, os proprietarios de gatos testaram positivo para SARS-CoV-2, apés dois
dias, um dos gatos, macho, domiciliados apresentou sinais respiratérios leves e teste
positivo. Quatro dias ap6s o0 gato macho, duas gatas assintomatica da mesma residéncia
apresentaram resultados positivos. Além disso, um humano e um gato apresentaram
anticorpos contra SARS-CoV-2. Todos os gatos excretaram RNA detectavel de SARS-CoV-
2 por um periodo mais curto do que em humanos e a analise de sequéncias virais confirmou
a transmissdo de homem para gato (NEIRA et al., 2021). Na Argentina, um gato, que
apresentava apenas espirros, foi reativo ao SARS-CoV-2 por RT-PCR em tempo real em
swab orofaringeo e retal. Por meio de analise soroldgica, anticorpos foram detectados em
dois gatos, no qual um deles ndo apresentava resultado positivo por RT-PCR
(FUENTEALBA et al., 2021).

No Brasil, o primeiro diagnostico de COVID-19 em felino domiciliado, com
episodio de tosse em humanos ocorreu por RT-PCR e apresentou um sequenciamento de
99,4% de similiariadade genomicas com seu dono. Este foi o primeiro relato de
sequenciamento genomico recuperado de um felino na América Latina (CARLOS et al.,
2021). Outro estudo realizado no Brasil indica que cées e gatos ndo-domiciliados estdo sendo
expostos ao SARS-CoV-2 durante a pandemia de COVID-19 (DIAS et al., 2021). Um outro
relato apresenta um gato que apresentou resultado positivo por RT-qPCR para SARS-CoV-
2 em swabs de nasofaringe e orofaringe no dia 0 e ap6s 43 dias do diagnostico molecular
apresentou marcagdo positiva pelo exame imuno-histoquimico com anticoropo anti-
nucleocapsideo de SARS-CoV em amostras de pulmdo, rins, conchas nasais, tragueia,
intestino, cérebro e baco (JARRAH et al., 2022).

2.4.1. Patologia

A lesdo encontrada em estudo experimental em felinos foi maior nas vias aéreas
superiores e inferiores (laringe, traqueia e brénquios lobares e segmentares principais dos
pulmdes). Os achados patologicos foram traqueobronquite multifocal linfocitica e
neutrofilica das glandulas seromucosas da lamina propria e submucosa da traqueia e
brénquios leve a moderada ao longo dos dias p6s infecgdo. Um outro dado importante
observado na pesquisa experimental é auséncia de alteracdes histologicas significativas no
trato respiratorio em 21 dias apds a infeccdo (GAUDREAULT et al., 2020).

2.4.2. Diagnostico

O diagnostico é feito por testes moleculares especificos em amostras respiratdrias,
tais como: esfregaco oral, esfregaco nasofaringeo, aspirado endotraqueal e lavagem
broncoalveolar e anal. A extracdo de RNA e transcricdo reversa por PCR quantitativo (RT-
gPCR), deteccdo de anticorpos SARS-CoV-2 por ELISA, hibridizacdo in situ com
anticorpos neutralizantes de virus especifico para SARS-CoV-2 e imuno-histoquimica
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(IHQ) especifica para SARS-CoV-2 (GAUDREAULT et al., 2020)

3. ARTIGOS
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Abstract

Cats from high incidence of human COVID-19 Brazilian regions were screened for SARS-
CoV-2 infection. Domestic felines that died were available from cases submitted for
necropsies from January 2020 to December 2021 submitted to the Universidade Federal
Rural do Rio de Janeiro and at the Universidade Federal de Mato Grosso.
Immunohistochemistry and Quantitative Polymerase Chain Reaction in Real Time (RT-
gPCR) were tested in 96 cats for SARS-CoV-2 detection. Feline samples were submitted to
RT-gPCR for gene amplification: ORF-1a, Spike and Nucleocapsid. Lung and kidney
samples were tested by immunohistochemistry with anti-SARS-CoV Nucleocapsid protein
and SARS-CoV-2 anti-Spike protein antibodies. In one feline, there was immunolabeling
for the two antibodies tested. This feline had a history of positive RT-qPCR for SARS-CoV-
2 from oronasal and nasopharyngeal swab samples. None of the cats investigated was
positive in lung samples tested by RT-gPCR. The immunohistochemical study and
molecular surveillance in domestic felines from Brazil in 2020 and 2021 demonstrated a low
frequency of SARS-CoV-2 infection. We emphasize that surveillance studies of zoonoses in

the feline species must be continued.

Keywords
feline, spillover, pandemic, COVID-19, immunohistochemistry, RT-qPCR.

Introduction

The first human coronavirus acute respiratory syndrome occurred in 2019 in Wuhan,
Hubei Province, China (Wu et al. 2020). Due to high transmissibility, the World Health
Organization declared a COVID-19 pandemic. The SARS-CoV-2 virus causing the human
disease was associated with a bat origin, highly similar to SARS-CoV (Zhou et al. 2020).
The first report of animal diagnosis of SARS-CoV-2 infection was in a dog in Hong Kong
in February 2020 (Sit et al. 2020). Reports of natural infection (Barrs et al. 2020; Carlos et
al. 2021; Sailleau et al. 2020) and experimental studies (Shi et al. 2020; Patania et al. 2022)
confirmed the susceptibility of cat SARS-CoV-2 infection. SARS-CoV-2 enters the cell in
domestic felines by binding to the angiotensin-converting enzyme 2 (ACE2) receptor. The
human and domestic feline ACE2 receptor has high homology (Guo et al. 2008).

We conducted our surveillance study to investigate how SARS-CoV-2 infection
impacts cats' health from Rio de Janeiro and Mato Grosso, Brazilian States. The diagnoses
algorithm was based on immunohistochemistry and molecular.
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Materials and methods

We conducted a study of domestic cats submitted to the Setor de Anatomia Patoldgica from
Universidade Federal Rural do Rio de Janeiro (SAP/UFRuralRJ) and to the Laboratorio de
Patologia Veterinaria from Universidade Federal de Mato Grosso (LPV/UFMT) for
necropsy from January 1, 2020, to December 31, 2021.

Postmortem examinations were performed according to protocols performed by two
veterinary pathologists. The skin, skeletal muscle, heart, liver, spleen, kidneys, adrenals,
thyroid, stomach, intestines, pancreas, brain, trachea, and nasal conchae, were collected from
each cat and fixed in 10% buffered formalin solution. Lungs were infused with 10% formalin
phosphate buffer via the trachea before immersion in formalin. Unfixed samples of the lung
(n=96), kidney (n=94), and turbinates (n=25) were immersed in microtubes with RNAlater
for molecular analyses.

Tissue samples collected in formalin were fixed for 24 to 48 hours for routine
histological processing. Sections were stained with hematoxylin and eosin (HE) for light
microscopy. The causes of death of each feline were established with the evaluation of two
veterinary pathologists.

In the immunohistochemistry (IHC) technique, nucleocapsid protein (NP) anti-
SARS-CoV and SARS-CoV-2 anti-spike protein-antibody were used to screen positive cases
and confirm infection, respectively. The method used was similar for both, with histological
sections of 3 um in silanized slides (Pereira et al. 2022). Antigenic retrieval was performed
with citrate (10 mM, pH 6.0) for 40 minutes in a water bath at 98°C. Sections were then
incubated in methanol: H202 (97%:3%) solution for 20 min to block nonspecific binding.
The sections were fixed at 37°C for 3 hours with (NP) SARS-CoV antibody (Catalog No.
NB100-56576, Novus Biologicals, Centennial, CO, USA) by 1:500 dilutions, and the anti-
spike of SARS-CoV-2 (human monoclonal antibody, mAb clone CR3022 Sigma-Aldrich®,
San Diego, CA, catalog no. ZHU1077), in dilution 1 in 100 pL.

Due to the similarity of human and cat SARS-CoV-2 inflammatory lesions (Martines
et al. 2020; Carvallo et al. 2021; Patania et al. 2021), a lung tissue sample from a human
was used as a positive control, which presented compatible lesions and positivity for SARS-
CoV-2 RT-gPCR. Besides, a lung section from a cat not infected by SARS-CoV-2 was used
as a negative control. The detection system employed was the commercial streptavidin-
biotin-peroxidase kit (LSAB + HRP System, Agilent Technologies, Santa Clara, CA, USA).
Peroxidase activity was visualized with 3,3-diaminobenzidine chromogen (DAB + Substrate
Chromogen System, DakoCytomation, Glostrup, Denmark). Sections were counterstained
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with hematoxylin, covered with a coverslip, and observed under a light microscope by two
veterinary pathologists.

RT-gPCR exams were performed at the UFMT Molecular Biology Laboratory. Viral
RNA was extracted from tissues using a commercially available kit (MagMAX ™ Viral /
Pathogen Nucleic Acid Isolation Kit, Applied Biosystems, USA). SARS-CoV-2 will be
detected by RT-PCR using a commercial Kit (TagPath COVID-19 CE-IVD RT-PCR Kit,
Applied Biosystems, USA) that targets the ORF-1a, Spike and Nucleocapsid gene, different
genomic regions of SARS-CoV-2. The feline B-actin gene (ACTB) was used as an internal
control gene.
Results

Of 96 cats incorporated into the study, 52 were from Rio de Janeiro state, and 44
were from Mato Grosso state. From these, 49 cats were domiciled, 41 were from shelters,
and 6 were strays. In Mato Grosso four cats was euthanized and four cats was not obtained
the details about death. In Rio de Janeiro, 24 domestic felines was euthanized. In the two
states, the principal euthanasy reasons was infection diseases, degeneration disease and
malformation. About immunohistochemistry only one domiciled feline was positive for
SARS-CoV-2 infection. The anti-SARS-CoV nucleocapsid protein immunohistochemistry
results from this case were already presented, immunolabelling in the pneumocytes and
macrophages of the bronchi and bronchioles. Immunohistochemistry confirmed the
positivity using an anti-SARS-CoV-2 Spike protein (Figure 1). Notably, the feline that
presented positive marking is a 6-month-old female cat, diagnosed with SARS-CoV-2 by
oronasal and nasopharyngeal swab 43 days before death, caused by an automobile trauma.
The cat was in a household where nine relatives were positive for SARS-CoV-2 by RT-PCR,
with two people hospitalized and RT-PCR Cycle Thresholds (CT) ranging from 18 to 21.
None significance lesions was observed in this cat during necropsy examination and
histologic avaliation.

Molecular examination of 96 fragments of lungs and 94 fragments of kidneys, and
25 nasal conchae from the different regions of Mato Grosso and Rio de Janeiro cats was
included in the present study and showed negative results for amplifying the viral RNA of
SARS-CoV-2 through the gene targets (Supplementary material).
Discussion

Our diagnostic algorithm was based on immunohistochemical staining and PCR
testing instead of other methods due to the necropsy sampling approach. The present research
is the first study based on postmortem examinations that evaluated SARS-CoV-2 infection
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in cats from two important distinct geographic regions of Brazil using
immunohistochemistry and RT-gPCR techniques.

In Brazil, there are positive molecular diagnoses of SARS-CoV-2 in wild species,
such as Mico melanurus (Pereira et al. 2022) and Myrmecophaga tridactyla (Pereira et al.
2023) and domestic cats (Carlos et al. 2021; Epifanio et al. 2021). Studies that evaluated
SARS-CoV-2 infection in populations of animals in the country are scarce; only clinical
studies were conducted with canine and feline species (Calvet et al. 2021; Dias et al. 2021).

In this study, most investigated domestic felines had intimate contact with previously
SARS-CoV-2-positive tutors during human isolation, according to their clinical history.
However, we observed only one SARS-CoV-2 naturally infected cat in this period. The
feline that presented immunoreactivity in the present study was a domestic cat diagnosed
with SARS-CoV-2 infection 43 days before its death. The cat was diagnosed with SARS-
CoV-2, still alive, in the contact phase with her owner during isolation (Jarrah et al. 2022),
and confirmed in this study by immunohistochemistry using a second anti-SARS-CoV-2
antibody Spike protein.

Domestic felines have an important particularity because they have ACE2 receptors
throughout the respiratory tract, unlike other species in which the availability of this receptor
is more restricted (Lean et al. 2022). Using two anti-SARS-CoV antibodies in this study
allows for evaluating the technical applicability for diagnosis in autopsied domestic felines.
The target epitope of the nucleocapsid is more structurally stable and has a greater chance
of labeling when compared to the epitope of the Spike protein (von Stillfried and Boor 2021).
Together there is more sensitivity and specificity of the combined technique. Some
antibodies can produce background staining, and it’s necessary to identify formalin-induced
artifacts in tissues. We emphasize that the method must be used and correlated with the
histological lesions, the clinical course of the disease, and, whenever possible, the use of RT-
PCR in fresh tissues (Krasemann et al. 2022).

Serological evaluation, in combination with the testing undertaken here, would have
been an adequate diagnostic approach for estimating frequency (Sharma et al. 2021).
Unfortunately, our necropsy sampling approach did not permit a serological evaluation to
integrate these tools. Jarrah et al. (2023) tested cats from the Mato Grosso state with
Enzyme-Linked Immunosorbent Assay (ELISA) and serum neutralization test. These testing
resulted in 2,2% (4/182) and 1,6% (3/182), respectively, similar to our 2,2% (1/44) results
from the same geographical region. From the Rio de Janeiro state, only one cat was positive
by serum neutralization test 2% (1/49), and no RNA was amplified by RT-gPCR (Dias et al.
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2021). We have found no positive cat by immunohistochemical staining and PCR testing
from Rio de Janeiro.

Infection by SARS-CoV-2 in cats is frequently subclinical, and virus RNA or antigen
can only be detected by RT-gPCR or IHC for a short interval following infection, making
these tools most useful during acute stages of the disease or for understanding viral
circulation (especially by RT-gPCR) (Sharma et al. 2021; Gaudreault et al. 2020). Despite
the possibility of a high false negative rate that our diagnostic approach has, our results from
Mato Grosso and Rio de Janeiro were similar compared to other research using serological
evaluation tools (Dias et al. 2021; Jarrah et al. 2023).

Attention is needed to cats from shelters. Approximately half of our sample
corresponds to this category. There is a greater propensity for the circulation of pathogens
in this environment than in the home environment (Li et al. 2021). Shelters usually have
guardians responsible for feeding and primary care of animals, and zoos or conservation
centers have more restricted human circulation. Although restriction of human contact, there
are reports of SARS-CoV-2 infection in a tiger (Panthera tigris) and a lion (Panthera leo)
(Mcaloose et al. 2020), and a snow leopard (Panthera uncia) (Wang et al. 2022) kept under
human care conditions.

In addition, stray animals are a small population in our study. However, it is
noteworthy that this category also presents exposure to SARS-CoV-2 (Dias et al. 2021). The
hypothesis of infection in stray animals is mainly associated with the high spread of SARS-
CoV-2 on public surfaces or in the sewer system (Abrahéo et al. 2020).

The data presented in this study are similar to other studies carried out with domestic
felines with unknown status of COVID-19 worldwide (Barua et al. 2021; Zhao et al. 2021).
The results obtained support encouraging information for veterinarians and tutors who have
had close contact, mainly in the first and second wave of COVID-19 in the metropolitan
regions of Rio de Janeiro/RJ and Cuiaba/MT, whose States are respectively fifth and
thirteenth in the ranking of reported cases in Brazil (Barrs et al. 2020). General and
continuous surveillance is necessary to prevent new lineage changes or the emergence of

potential pandemic pathogens.
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Supplementar material 1. Description of samples tested by Tissues, Habitat, Cities (MT), Death and Date.

ID IHQ Nucleocapsid protein IHQ Spike protein SARS-CoV-2 RT-gPCR Habitat City Death Date
) Nasal Lung Kidney Nasal _ Nasal
Lung Kidney Lung Kidney
conchae conchae conchae
1 Neg Neg - - - - Neg Neg - Domiciled Cuiabd/ MT  Euthanasia Feb 2020
2 Neg Neg - - - - Neg Neg - Domiciled Cuiabd/MT Natural ~ Feb 2020
3 Neg Neg - - - - Neg Neg - Domiciled Cuiab&MT Natural ~ Mar 2020
4 Neg Neg - - - - Neg Neg - Domiciled Cuiabd/MT NI Mar 2020
5 Neg Neg - - - - Neg Neg - Stray Cuiab&MT Natural ~ Mar 2020
6 Neg Neg - - - - Neg Neg - Domiciled Cuiab&MT NI Sept 2020
7 Neg Neg - - - - Neg Neg - Domiciled Cuiab&MT Natural ~ Oct 2020
8 Posi Neg Posi Pos  Neg Pos Neg Neg Neg Domiciled Cuiaba/MT Natural ~ Nov 2020
9 Neg Neg - - - - Neg Neg - Stray Cuiabd/MT NI Dec 2022
10 Neg Neg - - - Neg Neg Domiciled Cuiabd/MT Natural Dec 2022
11 Neg Neg - - - - Neg Neg - Domiciled Cuiabd/MT Natural Jan 2021
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12

13

14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

Neg
Neg

Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg

Neg
Neg

Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg

Neg
Neg

Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg

Neg
Neg

Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg

Domiciled
Domiciled

Stray
Stray
Domiciled
Domiciled
Domiciled
Shelter
Domiciled
Domiciled
Domiciled
Shelter
Shelter
Shelter
Shelter
Shelter
Shelter
Shelter
Shelter
Shelter

Cuiaba/MT
Varzea
Grande/MT

Cuiab&MT
Cuiab&MT
Cuiab&MT
Cuiab&MT
Cuiab&MT
Cuiab&MT
Cuiab&MT
Cuiab&MT
Cuiabd/MT
Cuiabd/MT
Cuiabd/MT
Cuiabd/MT
Cuiab&MT
Cuiab&MT
Cuiab&MT
Cuiab&MT
Cuiab&MT
Cuiab&MT

Euthanasia

NI

Natural
Natural
Natural
Natural
Natural
Natural
Natural
Natural
Natural
Natural
Natural
Natural
Natural
Natural
Natural
Natural
Natural

Natural

Feb 2021
Apr 2021

Apr 2021
Apr 2021
May 2021
May 2021
May 2021
May 2021
June 2021
June 2021
July 2021
July 2021
July 2021
Aug 2021
Aug 2021
Aug 2021
Aug 2021
Aug 2021
Aug 2021
Aug 2021
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32 Neg Neg - - - - Neg Neg - Shelter Cuiab&MT Natural  Aug 2021
33 Neg Neg - - - - Neg Neg - Shelter Cuiab&MT Natural  Aug 2021
34 Neg Neg - - - - Neg Neg - Shelter Cuiabd/MT Natural ~ Aug 2021
35 Neg Neg - - - - Neg Neg - Domiciled Cuiab&MT Natural  Sept 2021
36 Neg Neg - - - - Neg Neg - Shelter Cuiab&MT Natural  Sept 2021
37 Neg Neg Neg - - - Neg Neg Neg Domiciled Cuiab&MT Natural  Sept 2021
38 Neg Neg - - - - Neg Neg - Shelter Cuiab&MT Natural  Sept 2021
39 Neg Neg - - - - Neg Neg - Shelter Cuiab&MT Natural  Sept 2021
40 Neg Neg - - - - Neg Neg - Shelter Cuiab&MT Natural  Sept 2021
41 Neg Neg - - - - Neg Neg - Shelter Cuiab&MT Natural ~ Oct 2021
42 Neg Neg - - - - Neg Neg - Domiciled Cuiab&MT  Euthanasia Oct 2021
43 Neg Neg - - - - Neg Neg - Domiciled Cuiab&MT  Euthanasia Nov 2021
44 Neg Neg - - - - Neg Neg - Domiciled Cuiab&/MT Natural ~ Nov 2021

Pos=positive; Neg=negative; -=non investigated; NI=non informed.
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Supplementar material 2. Description of samples tested by Tissues, Habitat, Cities (RJ), Death and Date.

ID IHQ Nucleocapsid protein IHQ Spike protein SARS-CoV-2 RT-gPCR Habitat City Death Date
Lung Kidney Nasal Lung Kidney Nasal Lung Kidney Nasal
conchae conchae conchae
1 Neg Neg - - - - Neg Neg - Domiciled Seropédica/RJ Euthanasia  Feb 2020
Neg Neg - - - - Neg Neg - Domiciled Rio de Euthanasia  Feb 2020
2 Janeiro/RJ
Neg Neg - - - - Neg Neg - Domiciled Rio de Euthanasia  Mar 2020
3 Janeiro/RJ
4 Neg Neg - - - - Neg Neg - Shelter  Seropédica/RJ Natural Jun 2020
5 Neg Neg - - - - Neg - - Shelter  Seropédica/RJ Natural Jun 2020
6 Neg Neg - - - - Neg Neg - Shelter  Seropédica/RJ Natural Jun 2020
Neg Neg - - - - Neg Neg - Domiciled Rio de Natural Aug 2020
7 Janeiro/RJ
8 Neg Neg - - - - Neg Neg - Shelter  Seropédica/RJ Natural Aug 2020
Neg Neg - - - - Neg Neg - Domiciled Rio de Euthanasia  Sep 2020
9 Janeiro/RJ
Neg Neg - - - - Neg Neg - Domiciled Rio de Natural Oct 2020
10 Janeiro/RJ
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11
12

13

14
15
16
17
18
19
20
21
22
23
24
25
26
27

28

Neg
Neg
Neg

Neg

Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg

Neg
Neg
Neg

Neg

Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg

Neg

Neg
Neg

Neg
Neg
Neg

Neg
Neg
Neg

Neg

Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg

Neg
Neg
Neg

Neg

Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg
Neg

Neg

Neg
Neg

Neg
Neg
Neg

Shelter
Shelter
Domiciled

Domiciled

Shelter
Shelter
Shelter
Shelter
Shelter
Shelter
Shelter
Shelter
Shelter
Shelter
Domiciled
Shelter
Domiciled
Shelter

Seropédica/RJ
Seropédica/RJ
Rio de
Janeiro/RJ
Rio de
Janeiro/RJ
Seropédica/RJ
Seropédica/RJ
Seropédica/RJ
Seropédica/RJ
Seropédica/RJ
Seropédica/RJ
Seropédica/RJ
Seropédica/RJ
Seropédica/RJ
Seropédica/RJ
Itaguai/RJ
Seropédica/RJ
Itaguai/RJ

Seropédica;/R
J

Natural
Natural
Euthanasia

Euthanasia

Natural
Natural
Natural
Euthanasia
Euthanasia
Euthanasia
Euthanasia
Euthanasia
Euthanasia
Euthanasia
Euthanasia
Euthanasia
Natural

Natural

Oct 2020
Nov 2020
Nov 2020

Dec 2020

Jan 2021
Jan 2021
Jan 2021
Jan 2021
Jan 2021
Jan 2021
Jan 2021
Jan 2021
Jan 2021
Jan 2021
Jan 2021
Feb 2021
Mar 2021
Apr 2021
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29
30
31

32
33
34

35
36

37
38

39

40
41
42
43

Neg

Neg
Neg
Neg

Neg
Neg
Neg

Neg
Neg

Neg
Neg

Neg

Neg

Neg
Neg

Neg

Neg
Neg
Neg

Neg
Neg
Neg

Neg
Neg

Neg
Neg

Neg

Neg

Neg
Neg

Neg

Neg

Neg

Neg

Neg

Neg

Neg

Neg

Neg

Neg
Neg
Neg

Neg
Neg
Neg

Neg
Neg

Neg
Neg

Neg

Neg

Neg
Neg

Neg

Neg
Neg
Neg

Neg
Neg
Neg

Neg
Neg

Neg
Neg

Neg

Neg

Neg
Neg

Neg

Neg

Neg

Neg

Neg

Neg

Neg

Neg

Stray

Shelter
Domiciled
Domiciled

Domiciled
Domiciled
Domiciled

Domiciled
Stray

Shelter

Domiciled

Domiciled

Shelter
Domiciled

Domiciled

Rio de
Janeiro/RJ
Seropédica/RJ
Seropédica/RJ
Rio de
Janeiro/RJ
Araruama/RJ
Seropédica/RJ
Rio de
Janeiro/RJ
Seropédica/RJ
Rio de
Janeiro/RJ
Seropédica/RJ
Rio de
Janeiro/RJ
Volta Redonda
/RJ
Seropédica/RJ
Seropédica/RJ
Seropédica/RJ

Natural

Natural
Natural
Natural

Euthanasia
Natural
Natural

Euthanasia
Natural

Natural

Natural

Euthanasia

Natural

Euthanasia

Euthanasia

Apr 2021

May 2021
May 2021
May 2021

Jun 2021
Jun 2021

Jun 2021

Jun 2021
Jul 2021

Jul 2021
Aug 2021

Aug 2021

Sep 2021

Sep 2021
Oct 2021
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44
45
46

47
48

49

50

51

52

Neg
Neg
Neg
Neg

Neg
Neg

Neg
Neg
Neg

Neg
Neg
Neg
Neg

Neg
Neg

Neg

Neg

Neg
Neg
Neg
Neg

Neg
Neg

Neg

Neg

- - Neg
- - Neg
- - Neg

- - Neg
- - Neg

- - Neg
- - Neg
- - Neg

Neg
Neg
Neg
Neg

Neg
Neg

Neg

Neg

Neg
Neg
Neg
Neg

Neg
Neg

Neg

Neg

Domiciled
Domiciled
Shelter
Domiciled

Domiciled

Domiciled

Domiciled
Domiciled

Stray

Seropédica/RJ
Seropédica/RJ
Seropédica/RJ

Seropédoca/R
J

Seropédica/RJ
Rio de
Janeiro/RJ
Seropédica/RJ
Seropédica/RJ
Rio de

Janeiro/RJ

Natural

Natural

Natural
Euthanasia

Euthanasia

Natural

Euthanasia
NI

Euthanasia

Nov 2021
Nov 2021
Nov 2021
Nov 2021

Nov 2021
Nov 2021

Dec 2021
Dec 2021
Dec 2021

Pos=positive; Neg=negative; -=non investigated; NI=non informed.
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pneumocyte (arrowhead) of anti-Spike Protein of SARS-CoV-2. Obj. 40x.
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Abstract

Retrospective studies that address the diseases in the feline species are scarce. Herein we
presented the cause of death or euthanasia of cats from January 2020 to December 2021,
during the first and second year of SARS-CoV-2 pandemic. The data were obtained from
necropsies performed by the Federal Universities from Rio de Janeiro and Mato Grosso. A
total of 96 feline necropsies were performed. In 87 cases (90,6%), we established the reason
for death, while in 9 cases (9,4%) the diagnoses were inconclusive. We established the
diagnostic groups: infectious and parasitic (37.5%), neoplasm (14,5%), malformation
(7.3%), lower urinary tract disease LUTD (7.3%), degenerative (6.2%), traumas (6.2%),
other causes (8.4%) and iatrogenic (3.1%). The most frequent disease group in cats from Rio
de Janeiro and Mato Grosso was the infectious diseases, and most frequent inflammatory
lesions were viral and pneumonia. The main detected agents were Alphaherpesvirus (FeHV),

Mycoplasma, and Pseudomonas sp.

Keywords

Infectious diseases, diseases of feline, domestic cat, pneumonia, RT-PCR, death.

Introduction

Feline-human interaction has been described for exist about 11,000 years, initially
its importance in controlling mice in grain warehouses (Vigne et al. 2012). Currently, the
feline behavioral, clinical and diagnostic view has become an essential veterinary
specialization worldwide, and studies in different areas of feline medicine are essential.

On the One Health approach, the feline-human close relationship allows
transmission of pathogens (Vigne et al. 2004). There is questioning on the risks of zoonotic
diseases, and the spread of pathogens from domesticated and feral cats, and other species
(Robertson 2008). The main zoonoses transmitted from cats to humans are sporotrichosis
(Barnacle et al. 2023), leishmaniasis (Matralis et al. 2023), rabies (Ma et al. 2022),
cryptococcosis (Costa et al. 2022) and toxoplasmosis (Inpankaew et al. 2021). Given the
pandemic scenario of the present study, a fuss was triggered by the report of possible
transmission of SARS-CoV-2 from feline to human (Sila et al. 2021).

Retrospective studies that address the main diseases in the feline species are scarce.
There are surveys on feline disease in the United Kingdom (Murray et al. 2008), Canada
(Olsen and Allen 2001), Portugal (Manteigas et al. 2013), United States (Kent et al., 2022)
and Italy (Grieco et al. 2021). In Brazil, there are only surveys in the South (Trapp et al.
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2010, Togni et al. 2018, Withoeft et al. 2019) and in the Northeast (Batista et al. 2016). The
causes of death in cats in the states of Southeast and Midwest regions of Brazil have not yet
been investigated.

This two-year-study is so important because from March 2020 until December 2021
the world survived the first and second waves of SARS-CoV-2 pandemic. This study aimed
to identify and quantify post-mortem diagnoses of felines submitted to necropsy and

ancillary examination in Rio de Janeiro and Mato Grosso.

Materials and methods

This study was performed from January 2020 to December 2021. Necropsy were
performed in 96 domestic felines (Felis catus) at the Setor de Anatomia Patologica from
Universidade Federal Rural do Rio de Janeiro and the Laboratorio de Patologia Veterinaria
(SAP/UFRuralRJ) from Universidade Federal de Mato Grosso (LPV/UFMT). The data
collected as race, age, sex, origin, clinical history and diagnostic suspicion were compiled
from the request form. The age was classified according feline life stages guidelines(Quimby
et al.2021).

During the necropsy, tissues samples were systematically collected (skin, skeletal
muscle, heart, liver, spleen, kidneys, adrenals, thyroid, stomach, intestines, pancreas, brain,
trachea, and nasal conchae) and fixed in 10% buffered formalin. The collected tissues were
processed routinely, and stained with hematoxylin and eosin (HE). Besides, a set of tissues
(skin, skeletal muscle, heart, liver, spleen, kidneys, brain and nasal conchae) were sampled
by immersion in RNALater solution.

After establishment of a diagnosis, only one cause of death was selected for each cat
and the diseases were classified (Togni et al. 2018; Withoeft et al. 2019). The causes of death
were grouped as infectious and parasitic, neoplasms, degenerative, malformations, feline
lower urinary tract disease (LUTD), traumas, and "others™ for diagnoses that do not fit into
the previous groups. The cases in which no it was possible to establish the cause of death
were classified as “inconclusive”.

The gross and histological changes guided the ancillary examination. The
investigation of infectious agents was confirmed by microbiological tests performed in two
cases of dermatitis and one case of cryptococosis. The molecular investigation in thirty-eight
cases fit the RNA extraction from archived formalin-fixed paraffin-embedded tissues (Shi et
al. 2004). All cases of pneumonia were tested by PCR for a panel of infectious agents as
Pasteurella sp., Bordetella sp., Mycoplasma sp., Clamydia sp., feline calicivirus virus

37



(FCV), felid alphaherpesvirus (FeHV), feline immunodeficiency virus (FIV), and feline
leukemia virus (FeLV) (Di Martino et al. 2007, Schmal-Filius et al. 2020, Mello et al. 2023).
The panleukopenia virus was PCR tested in cases of cat with enteritis. Leishmania sp. and
Sporothrix sp. was tested in the dermatitis cases. The Feline Coronavirus (FCoV) was tested
in three cats with pyogranulomatous and fibrinous inflammation as meningitis and six cases
of pneumonia. The primers and protocols are listed in Table 1. Gram Brown—Hopps, Schiff
reaction of periodic acid, and Grocott Methanamine Silver histochemistry were performed
in the tissues of cats with lesions compatible of bacterial or fungal infection.

Results

During the 2-year study, we examined 96 domestic cats presented for post-mortem
examination. From these, 45% (44/96) were from Mato Grosso, and 55% (52/96) were from
Rio de Janeiro. In total, 87 cases (90,6%) had a conclusive diagnosis, and 9 cases (9,4%) the
diagnoses were inconclusive due to absence of histological lesions.

In Mato Grosso, twelve of these cats were Kittens (27.2%), 23 adults (52.2%), and
two seniors (4,5%); in seven cases (16%), age was not available. Twenty-three were males
and twenty females, and one case the sex was not identified.

In Rio de Janeiro, three cats were Kittens (5.8%), 32 adults (61,5%), ten seniors (19,5%).
Twenty-two were male, and twenty-three were female. Seven cases have not identified the
sex because the cat was a fetus. In total, 92 cases (96%) were Brazilian short hair.

The main type of diagnosis was infectious and parasitic (36/96; 37.5%), neoplasm
(15/96; 15.7%), other causes (8/8.4%), malformation (7/96; 7.3%), degenerative (6/96;
6.2%), traumas (6/96; 6.2%), LUTD (6/96; 6.2%), and iatrogenic (3/96) 3.1%).

The most frequent infectious disease were pneumonia (19/36; 52%) (Fig. 1B-C),
sepsis (3/36), panleukopenia (3/36) (Fig. 1D), sporotrichosis (2/36) (Fig. 1A), FIV (3/36),
platinosomiasis (1/36), FCoV (1/36), leishmaniasis (1/36), cryptococcosis (1/36), bacterial
endocarditis (1/36), bacterial osteomyelitis (1/36). The most frequent neoplasm was
lymphoma (5/14) (Fig. 1E), hemangiosarcoma (3/14), fibrosarcoma (2/14), squamous cell
carcinoma (2/14), hepatic adenoma (1/14), and meningioma (1/14). The most frequent
degenerative disease were chronic kidney disease (4/6) (Fig. 1F), acute kidney disease (1/6)
and malacia of the central nervous system (1/6). The most frequent trauma were fractures of
unknow cause (3/6), dog attack (1/6), motor vehicle collisions (1/6) and fall (1/6). All cases
of LUTD were urethral intraluminal obstruction by urethral calculi, and one urethral
extraluminal obstruction by neoplasm. LUTD was diagnosed in four male and three females
cats. The “other” death causes were necrotic enteritis without infectious agent detected,
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suppurative meningitis, lymphoplasmacytic dermatitis, chronic active pancreatitis, and in
addition, hypertrophic cardiomyopathy. latrogenic disturbances were drug gastritis, by high
drug dosage administered informed in the clinical history, fibrin necrotic glossitis caused by
cirurgic procedure, and aspiration pneumonia. (Table 2).

The cases with lesions compatible with infectious diseases were investigated by PCR.
From these, all cases of bacterial pneumonia were tested by a panel of infectious agents. We
have found bacterial pneumonia caused by two cases of Mycoplasma sp. and Chlamydia sp.,
and Bordetella sp. with one case of each agent. Two cases had growth in bacterial One case
had growth only Pseudomonas sp. (1/2) and other case Pseudomonas sp., Klebsiella sp., E.
coli and Staphylococcus sp. (1/2) growths. Herpesvirus (4/11) was found in interstitial
pneumonia; with four other cases of concomitant bacterial infection. Caliciviruses was not
found in any case. FIV was found in eleven cases (11/19), FIV and FeLV together in (2/19),
FeLV was not found alone. The panleukopenia virus were detected in three necrotic enteritis
cases, all from Mato Grosso. FIV was positive in lymphoid depletion cases in the spleen,
lymph node, and occasionally bone marrow. Leishmaniasis was detected in a cat from Rio
de Janeiro. The two cases of sporotrichosis and cryptococcosis were confirmed by fungal

culture, both from RJ.

Discussion

The pathological, molecular and microbiological examinations were the base of this
study to determine the causes of death and euthanasia during 2020 and 2021, the SARS-
CoV-2 pandemic. We understand the challenging of retrospective studies and encourage
researches through pathological, molecular and microbiological approaches.

Infectious and parasitic diseases were the most frequent diagnostic, as well as other
Brazilian researches, in Santa Catarina (Withoeft et al. 2019) and Piaui (Batista et al. 2016),
as well as in Milan, Italy (Grieco et al. 2021). The most frequent disease in our study is
pneumonia. In our research, the most frequent bacterial agent was Pseudomonas sp. This
bacterium is most prevalent in mammals and presents the highest levels of antimicrobial
resistance in dogs and cats (Li et al. 2021). Herein, we evaluated the possibility of
immunodepression of FIV and FeLV virus because, naturally, FIV-infected cats usually
reflect secondary diseases, such as infections and neoplasia (Hartmann 2012). From cases of
pneumonia, we have observed that more than half were positive to FIV, and some cases were
concomitant with FeLV. This data was similar in other researches (Slaviero et al. 2021;
Mello et al. 2023).
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Other important infectious diseases was panleukopenia that was most frequent in
Mato Grosso, which affected kittens or cats from a shelter. This disease demands attention
mostly in shelters that are recognized as favorable environments (Li et al. 2021). The surveys
from South Brazil, did not find cats with panleukopenia (Togni et al. 2018, Withoeft et al.
2019), as well in Rio de Janeiro we didn't see this disease. The most frequent neoplasm was
lymphoma and the most common tumors in FeLV- and FIV-infected cats (Hartmann 2012).
In our analysis the most frequent neoplasm was lymphoma, this neoplasm is considered the
most common in FeLV- and FIV-infected cats (Hartmann 2012). A current Brazilian
research stablished that cats with FeLV infection has 3.9 more chances that has lymphoma
(Mello et al. 2023). In our study, we did not establish this relationship, and we emphasized
that this is an important study and would allow more information in many regions in Brazil.

The LUTD is a diagnosis that fit with a large group of lesions including: lower
urinary tract infection, urolithiasis, traumas, neoplasms and lower urinary tract
malformations (Osborne et al. 1996). We have found LUTD compatible with cystitis,
urolithiasis and probably iatrogenic and traumatic lesions that seem in histopathology exams
hemorrhagic and necrotic lesions in the urethra and bladder. This disease is the most view
in Mato Grosso, but we not can correlate a specific cause. The most frequent cases of LUTD
are male cats, mainly in neutered (Foster, 1967, Rich & Fabricant, 1969). It was not possible
to associate the neutered cats with LUTD due to a lack of information in the clinical histories.
We have found in our total domestic cats evaluated, that, male was most frequent (55/96),
similar with other studies (Batista et al. 2016, Withoeft et al. 2019, Togni et al. 2018, Grieco
et al. 2021). The habits of the species always justify this finding to the search for in-estrus
females and greater access to external environments, which culminate in greater contact with
felines of unknown origin, facilitating the dissemination of infectious agents (Withoeft et al.
2019) and traumas.

From three cats with dermatitis in cats in Rio de Janeiro, 67% were occasioned by
Sporothix spp. No cases of sporotrichosis was found in Mato Grosso. The mycological
growth and hystopathology fulfil the definition of an sporotrichosis diagnostic. One of
lymphonhistiocitic dermatitis without yeast in histologic examination and negative to
Sporothrix sp. and Leishmania sp. in PCR were defined as unspecific dermatitis. The
sporotrichosis is endemic in Rio de Janeiro (Gremido et al. 2015) and was currently reported
outside South America (Thomson et al. 2023). This situation is an One Health serious
problem (Moreira et al. 2015). In Mato Grosso, dermatitis is not a cause of death or
euthanasia due low occurrence. Despite this, the state has a case report in cat (Fernandes et
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al. 2004). All malformations cases were fetus with gastroschisis from the same offspring.
We have not associated and not investigated infectious agents to the occurrence of these
cases.

The molecular investigation using formalin-fixed paraffin-embedded samples (N=9)
was efficient for extraction, but none of the cases and allowed to complete the diagnoses
infection by FCoV. The limitation of the use of this kind of sample is RNA fragmentation
due to formaldehyde exposure causing RNA-protein cross-linking. The literature indicates
body fluids, organs with the highest viral loads are the omentum, mesenteric lymph nodes
and spleen, so these tissues are most useful for analysis by RT-PCR. In contrast, the kidneys,
liver, lung, myocardium and popliteal lymph nodes contain little or no viral RNA (Pedersen
et al. 2015), increasing that our samples were fixed in formalin decreased diagnostic chance
drastically. We emphasize that prospective studies should conducted to determine the best
etiological diagnostic method and technique for diagnostic post-mortem examined Brazilian
cats to FCoV.

The most frequent diagnoses in cats in Mato Grosso and Rio de Janeiro were
infectious disease during the first and second year of the SARS-CoV-2 pandemic in Brazil.
The most frequent disease in this group was pneumonia in both states with observation of
Mycoplasma sp. and Chlamydia sp., Bordetella sp., Pseudomonas sp., Klebsiella sp., E. coli

and Staphylococcus.
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Table 1. Molecular investigation by PCR (primers and probes) of infectious agents in
tissues of domestic cats.

Agents Tissue Primer (5°-3") Reference
Feline Lungand TAATGCCATACACGAACCAGCT Simons et al.,
coronavirus cerebral GTGCTAGATTTGTCTTCGGACACC 2015
(FCoV) cortex
Leishmania Skinand  (C/G)(G/C)CC(C/A)CTA Quaresma et al.,
sp. subcutane T(T/A)TTACACCAACCCC 2009

ous GGGGAGGGGCGTTCTGCGAA
Ezlri?c?virus Intestine GGATCACCATCTGCTGCTTG Yoon et al., 2009
(FPV) GCTGAGGTTGGTTATAGTGC
Feline Lungand GCGCTAGCAGCTGCCTAACCGCAAAA  Szilasi et al 2021
Immunodefici  spleen CCAC
ency Virus GTATCTGTGGGAGCCTCAAGGGAGAA
(FIV) CTC
Feline Lungand GCTCCCCAGTTGACCAGAGT Duda et al 2020
leukemia virus  lymph TTTATAGCAGAAAGCGCGCG
(FeLV) node
Feline Lungs GTAAAAGAAATTTGAGACAAT Helps et al., 2005
calicivirus TACTGAAGWTCGCGYCT
virus (FCV) FAM-
CAAACTCTGAGCTTCGTGCTTAAA-
BHQ
Felid Lungs TGGTGCCTATGGAATAGGTAAGAGTT  Helpsetal., 2003
alphaherpesvir GTCGATTTTCATCCGCTCTGA
us (FeHV) HEX-AACGGCGAAGTACC-MGB
Clamydiasp.  Lungs CCGCCAACACTGGGACT Lienard et al.,
GGAGTTAGCCGGTGCTTCTTTAC 2004
Fam-
CTACGGGAGGCTGCAGTCGAGAATC-
BHQ1
Bordetellasp.  Lungs ACTATACGTCGGGAAATCTGTTTG Helps et al., 2005
CGTTGTCGGCTTTCGTCTG
FAM-CGGGCCGATAGTCAGGGCGTAG-
BHQ1
Mycoplasma Lungs GTG GGG ATG GAT TACCTC Bennett, 2015
felis. GGACTATTATCA AAA GCA CAT AAA
C
HEX-CTA CGG AGT ACA AGT TAC AAT
TCA-BHQ1
Pasteurella Lungs ATCCGCTATTTACCCAGTGGGC Townsend et al.,
sp. TGTAAACGAACTCGCCAC 2001
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Table 2. Diagnoses of domestic cats diseases from Mato Grosso and Rio de Janeiro

Type of lesions State Total %
MT RJ

Infectious and parasitic 36 375
Pneumonia 0
Sepsis
Panleukopenia
Sporotrichosis
Immunodeficiency Virus

(FIV)

Platinosomiasis -
Feline coronavirus (FCoV) 1
Leishmaniosis -
Cryptococcosis -
Bacterial endocarditis -
Bacterial osteomyelitis -

Neoplasm 14 145
Lymphoma 1
Hemangiosarcoma -

Fibrosarcoma 2

1

wrwNn B
PN P ©

el

Squamous cell carcinoma
Hepatic adenoma
Meningioma -
Other 8 8.4
Enteritis 2
Meningitis
unspecific dermatitis -
Pancreatitis -
Hypertrophic -
cardiomyopathy
LUTD 5 2 7.3
Malformation 7 7.3
Gastroschisis - 7
Degenerative 6 6.2
Chronic kidney disease - 4
Acute kidney disease - 1
Malacia* 1 -
Trauma 6 6.2
Fractures 1 2
of unknown cause
Dog attack - 1
Automotive
Fall
latrogenic 3 3.2
Drug gastritis
Fibrinonecrotic glossitis
Aspiration pneumonia
Inconclusive .
TOTAL 96 100.0

PR P WN

N R PR

~

e
1 1

NP
1

*malacia without complementary diagnostication.
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Figure 1. Sporotrichosis. Severe swelling in the nasal region of a feline from Rio de Janeiro.

Figure 2. Pneumonia due to Mycoplasma sp. infection. Fibrinonecrotic bronchopneumonia feline in cranial
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lobes.

Figure 3. Feline cryptococcosis. The brain shows fibrinous meningitis with markedly red areas in the
ectomarginal gyrus and ectosylvian sulcus at parietal region. An yellow extensive area in the cerebellar

vermis is also seen.
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Figure 4. Hepatic adenoma in cat. Marked mass with many cysts.

Figure 5. Mediastinal lymphoma, friable, yellowish-white mass. Renal lymph node in the lower corner,
with marked increase in size, cut surface with red and white areas.
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