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SCIENTIFIC IMPACT OF THIS PROJECT 

 
The outcomes of this survey will add to the limited knowledge of viruses 

circulating in wild felids from Brazil. The selected RNA viruses (i.e., Astrovirus, 

Cardiovirus and Rotavirus) can infect a wide range of host species, including human, 

wild, and domestic animals; thus, investigating their occurrence can help prevent 

potential outbreaks. Most reports on these viruses have pigs or rats as hosts, limiting our 

knowledge of their interaction with other hosts such as felids. The few reports on these 

selected viruses and felids as hosts are on African and Asian felid species, with no 

available information on other species. Molecular screening for these pathogens in 

neotropical felids has not been done yet, which highlights the importance of this project. 

Monitoring infectious diseases in wild mammals can also provide valuable results within 

the One Health scope. Due to the phylogenetic and evolutionary closeness between wild 

and domestic carnivores, information on the possible occurrence of infectious agents 

affecting these species is crucial for mapping potential host exchange occurrences. Since 

domestic dogs and cats accompany humans globally, it is important to monitor pathogens 

that may affect these animals and their non-domestic counterparts. Nevertheless, the 

selected viruses have a zoonotic potential, so its surveillance is a matter of public health. 

Therefore, identifying the occurrence or absence of these virus in Brazilian wild felids is 

very important for the species conservation and to prevent potential outbreaks originating 

from these viruses whether in humans or animals, as previously reported in other 

countries.  
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RESUMO 

O presente estudo objetivou pesquisar a presença de astrovírus, cardiovírus e rotavírus 

em felídeos não domésticos, mantidos sob cuidados humanos ou em vida livre, em 

múltiplos biomas brasileiros, incluindo Amazônia, Cerrado, Caatinga, Mata Atlântica e 

zonas de transição. Os vírus selecionados são amplamente distribuídos em humanos e 

mamíferos domésticos, com infecções sintomáticas ou não. São agentes altamente 

resistentes às condições ambientais, com potencial zoonótico, e que já foram previamente 

associados a mortalidades e surtos. Para pesquisa desses vírus, instituições foram 

contatadas para fornecimento de amostras biológicas (e.g., sangue total, swab oral, swab 

retal, tecidos), as quais foram congeladas a -80ºC até a extração do RNA. A detecção de 

astrovírus foi realizada via transcriptase reversa seguida de reação em cadeia polimerase 

(RT-PCR), com posterior sequenciamento genético. Cardiovírus e rotavírus foram ambos 

testados em RT-PCR em tempo real, também seguidos de sequenciamento genético. De 

todos os 50 animais avaliados, apenas um gato do mato pequeno do sul (L. guttulus) 

mantido sob cuidados humanos foi positivo para astrovírus, enquanto uma suçuarana (P. 

concolor) de vida livre atropelada foi positiva para Rotavirus A. Nenhum animal foi 

positivo para cardiovírus. Análises morfológicas de tecidos fixados em formalina foram 

realizadas para avaliar possíveis lesões decorrentes da infecção viral por rotavírus, com 

resultados inconclusivos devido à autólise do material. Considerando o caráter zoonótico 

dos vírus selecionados para estudo, os resultados deste trabalho, além de contribuírem 

para saúde pública no escopo de Saúde Única, auxiliarão na melhor compreensão das 

infecções virais que podem acometer felídeos selvagens. 

 

Palavras-chave: Astrovírus; Cardiovirus; Felidae; RNA vírus; Rotavirus 

 

  



 

 

ABSTRACT 

The aim of this study was to investigate the presence of astrovirus, cardiovirus and 

rotavirus in non-domestic felids under human care or in the wild in multiple Brazilian 

biomes, including Amazon Forest, Atlantic Forest, Caatinga, Cerrado and its transition 

zones. The selected viruses are widely distributed in humans and domestic mammals, 

whether with clinical manifestation or not. They are highly resistant to environmental 

conditions, may have zoonotic potential and have already been associated with fatal 

outbreaks. To survey these viruses, institutions were contacted to supply biological 

samples (e.g., blood, oral swabs, rectal swabs, and tissues) which were frozen at -80ºC 

until RNA extraction. Astrovirus detection was performed via reverse transcriptase 

followed by polymerase chain reaction (RT-PCR), with subsequent genetic sequencing. 

Cardiovirus and rotavirus were both tested using real time RT-PCR, also followed by 

genetic sequencing. Of all 50 analyzed felids, one captive southern tiger cat (L. guttulus) 

tested positive for astrovirus while one roadkill cougar (P. concolor) tested positive for 

Rotavirus A. All felids were negative for cardiovirus. Morphological analyses of available 

formalin-fixed tissues of the rotavirus PCR-positive case were conducted to search for 

possible lesions caused by the virus, but results were inconclusive due to the autolysis. 

Considering the zoonotic nature of these viruses, the results of this work add to the current 

knowledge on viruses circulating in non-domestic felids in Brazil, which can contribute 

to public health within the scope of One Health and help to better elucidate viral infections 

that can affect wild felids. 

 

Key words: Astrovirus; Cardiovirus; Felidae; RNA virus; Rotavirus 
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1 INTRODUCTION 

 

 

The last recent decades have been marked by the COVID-19 pandemic 

and other important epidemics (e.g., Ebola, Zika virus, avian flu, swine flu), all caused 

by RNA viruses (Qureshi et al., 2023). Viruses are the main infectious agents linked to 

human disease outbreaks, especially foodborne, so they are considered a high-priority 

subject of study (Olaimat et al., 2024). There is evidence that around 60% of human 

infections are zoonotic, and 70% of these have a wildlife origin (Kuczera et al., 2024). 

The emergence of novel infectious diseases in both human and wild animals has been 

related to anthropogenic environmental changes, mainly linked to habitat fragmentation, 

environment degradation and introduction of new invasive exotic species (Smith, 

Acevedo-Whitehouse & Pedersen, 2008). Consequently, infectious diseases are 

significant threats to wildlife, as they can increase some species’ risk of extinction (Smith, 

Acevedo-Whitehouse & Pedersen, 2008) and should be constantly monitored. 

Among wild animals, carnivores (Order Carnivora) have a higher risk of 

extinction mediated by infectious diseases due to their close phylogenetic relatedness 

with their domestic counterparts [e.g., dogs (Canis lupus familiaris) and cats (Felis 

catus)], which accompany humans globally (Smith, Acevedo-Whitehouse & Pedersen, 

2008). There is a particular concern about members of the Felidae family, as over 70% of 

their species are facing population decline related to direct or indirect human interaction. 

Furthermore, they present a generally low reproductive success and occur in naturally 

low densities (Johansson et al., 2020; IUCN, 2024). Thus, surveying for infectious agents 

that may affect wild felids is of great importance for species conservation.  

Habitat fragmentation reduces prey availability for wild felids and their 

original large home ranges, driving them and other wild animals to areas with abundant 

resources not susceptible to seasonal fluctuations (e.g., urban and peri-urban areas) 

(Bradley & Altizer, 2006; Foley et al., 2013). This way, anthropogenic environmental 

changes allow humans, domestic, and wild animals to share territories, increasing the 

chances of intra and interspecific transmission of different pathogens among them (Pacini 

et al., 2023). Environmental degradation caused by human practices can also interfere 

with wild felids’ social organization, as it may increase rates of infanticide and endogamy 
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(Johansson et al., 2020). Animals resulting from inbreeding are more prone to express 

recessive mutations and, therefore, have a higher likelihood of developing a more fragile 

immune system (Smith, Acevedo-Whitehouse & Pedersen, 2008). When challenged by 

pathogens, these animals have a lower chance of recognizing them and act as pathways 

for “new” infectious pathogens to enter healthy populations (Smith, Acevedo-Whitehouse 

& Pedersen, 2008).  

The introduction of new invasive exotic species can also impact native 

wildlife health (Smith, Acevedo-Whitehouse & Pedersen, 2008). In Brazil, there are at 

least nine wild felids species, such as the ocelot (Leopardus pardalis), the margay cat 

(Leopardus wiedii), the jaguarundi (Herpailurus yagouaroundi), the oncilla cat 

(Leopardus tigrinus), the Geoffroy’s cat (Leopardus geoffroyi), the southern tiger cat 

(Leopardus guttulus), the pampas cat (Leopardus colocolo), and two species considered 

large felids, the jaguar (Panthera onca) and the cougar (Puma concolor) (IUCN, 2024). 

As predators, wild felids maintain their biome’s ecosystem balance by regulating prey 

density (Labarge et al., 2021). The major diet components of Brazilian wild felids are 

wild and domestic rodents and suids, including exotic species (i.e. wild boars [Sus 

scrofa]) (Seward et al., 2004; Cavalcanti et al., 2010; Adania, Silva & Felippe, 2014). 

Suids and rodents are reservoirs of many viral pathogens, including astroviruses, 

cardioviruses and rotaviruses (Billinis, 2009; Zhuang et al., 2023; Gangopadhayya et al., 

2024). All these organisms are RNA viruses with high recombination rates that can cause 

diseases in a wide host range, with or without clinical signs, including humans (Werid et 

al., 2022a), which justifies the need of further investigation on a One Health approach. 

There are few reports regarding the occurrence of any of the selected 

viruses proposed in the current research in wild felids, and they are mainly from exotic 

species, with no reports on neotropical felids (Atkins et al., 2009; Liu et al., 2013; 

Johansson et al., 2020). Considering the relevance of wild felids conservation for 

ecosystem maintenance, their impact within the One Health context (Labarge et al., 

2021), and recent global events, the present study aims to survey selected RNA viruses 

(i.e., astrovirus, cardiovirus, and rotavirus) in wild Brazilian felids. To the author’s 

knowledge, this is the first molecular screening of these viruses in wild felids species 

from America, including at least one vulnerable species, the southern tiger cat (IUCN, 

2024), and the work aims to contribute to the felid’s conservation within a One Health 

perspective. 
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2 OBJECTIVES 

 

 

The main goal of this project is to use biomolecular techniques to search for 

selected RNA viruses (i.e., astrovirus, cardiovirus and rotavirus) in wild Brazilian 

felids.  

More specifically, this research aims to: 

 

a – Investigate and characterize by reverse transcriptase polymerase chain reaction (RT-

PCR) the occurrence of astrovirus in biological samples from free-ranging and captive 

wild Brazilian felids; 

 

b – Investigate by real time RT-PCR (RT-qPCR) the occurrence of cardiovirus in 

biological samples from free-ranging and captive wild Brazilian felids; 

 

c – Investigate by RT-qPCR the occurrence of rotavirus in biological samples from free-

ranging and captive wild Brazilian felids; 

 

d – Characterize eventual histopathological lesions in positive cases; 

 

e – Dispose data for future epidemiological analysis on felid’s conservation by reporting 

the occurrence or absence of the selected viruses in wild felids considering multiple 

epidemiological variables, including most compromised taxa, animal’s place of origin, 

gender, age, and biological and clinical history, when available.   
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3 LITERATURE REVIEW 

 

 

3.1 Astrovirus 

 

Astroviruses (AstV) are small (28 to 40 nm), non-enveloped, rounded 

positive-sense single-stranded RNA viruses (Santos & Cardoso, 2005). They were named 

after their unique morphology, resembling a five-to-six-pointed star when visualized 

under electron microscopy (Greene, 2015). AstV belong to the Astroviridae family, which 

currently is divided in two genera: Avastrovirus, mainly detected in avian hosts, and 

Mamastrovirus in mammalians (Li et al., 2021). However, Avastrovirus has already been 

found in mammals, and there are also reports of Mamastrovirus in avian hosts (Huang et 

al., 2024). Additionally, different AstV may coinfect the same host cell, increasing the 

chances of recombination between different strains (Guix, Bosch & Pintó, 2013). As a 

result, AstV exhibit high mutation rates and genetic diversity, which facilitates virus 

transmission to new host species (Huang et al., 2024; Kuczera et al., 2024). Furthermore, 

recombination events are extremely common in RNA viruses and have notably increased, 

including in AstV (Wang et al., 2020). Based on molecular data a novel classification 

criterion has been suggested by the International Committee on Taxonomy of Viruses 

(ICTV) not associated with host taxonomy. Currently, strain classification is based on 

phylogenetic analysis of the ORF2 gene, and ICTV officially recognizes 19 species 

within Mamastrovirus genera (MAstV-1 to MAstV-19) (Bosch et al., 2009). For instance, 

Feline astrovirus (FeAstV) was identified shortly after human astrovirus (HAstV) and is 

classified as MAstV-2 by the ICTV (Dong et al., 2021). 

The AstV genome has approximately 6,400 and 7,700 base pairs (bp) in 

length, subdivided into open reading frames ORF1a, ORF1b and ORF2 (Santos & 

Cardoso, 2005). Regions ORF1a and ORF1b are the most preserved and encode the non-

structural protein RNA-dependent RNA polymerase (RdRp), which is essential for viral 

replication (Guix, Bosch & Pintó, 2013). ORF2 encodes the precursors of capsid proteins 

and thus determines the virus’s immunogenicity (Yi et al., 2018; Wang et al., 2020). The 

viral capsid is usually the region that endures most host immune system pressure and, 

therefore, is generally more prone to mutations than RdRp (Atkins et al., 2009). Overall, 
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AstV are thought to have high biological plasticity because they can infect a wide range 

of hosts species, complicating its diagnostics (Van Brussel et al., 2020; Caetano et al., 

2021). 

Round, small viruses like AstV can only be visualized with electron 

microscopy when in high concentrations of viral particles (Greene, 2015). Since 1990 

molecular techniques have been prioritized as diagnostic tools because of their superior 

sensibility and specificity (Santos & Cardoso, 2005; Greene, 2015). Therefore, RT-PCR 

followed by genetic sequencing is now considered the gold standard method for AstV 

detection and characterization (Santos & Cardoso, 2005; Lawler et al., 2018). Different 

RT-PCR protocols have been used worldwide, including nested reactions, heminested, 

and RT-qPCR (Atkins et al., 2009; Lawler et al., 2018; Wang et al., 2021). Furthermore, 

molecular techniques allow for viral genomic phylogenetic analysis, which can be useful 

for distinguishing AstV of animal origin from those of human origin (Santos & Cardoso, 

2005; Lawler et al., 2018). For instance, recent phylogenetic analysis revealed that 

FeAstV is the animal AstV most closely related to HAstV (Li et al., 2021), raising 

concerns about its potential zoonotic transmission. 

 

3.1.1 Enteric astroviruses 

Astroviruses were first isolated in feces and lately from vomit samples 

obtained from domestic cats, suggesting that replication may occur in both upper and 

lower gastrointestinal tracts (Li et al., 2021). The incubation period for enteric AstV 

varies from three to five days (Olaimat et al., 2024). Clinical manifestations typically 

appear between two to three days, primarily including gastrointestinal disturbances, such 

as mild to severe watery diarrhea (Nguyen, Piewbang & Tchangamsuwan, 2023). 

Additionally, weight loss, anorexia, severe weakness, inappetence, and vomiting have 

also been reported in domestic cats (Wang et al., 2021; Olaimat et al., 2024). However, 

in most cases, infection is asymptomatic, and when clinical manifestation does occur, it 

is usually mild and self-limiting (Santos & Cardoso, 2005). The most severe cases in 

domestic cats have been associated with coinfection with other viruses (e.g., parvovirus), 

highlighting the need for further research to determine whether AstV infections are 

primary or opportunistic (Yi et al., 2018; Van Brussel et al., 2020). Diarrhea can progress 

and potentially become fatal, particularly in kittens or young and immunosuppressed 

animals (Lawler et al., 2018; Zhang et al., 2019).  
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FeAstV infections have been reported worldwide, with occurrence raging 

between 23 and 25% among domestic cats (Yi et al., 2018; Zhang et al., 2019). Moreover, 

diarrhea has been statistically associated with FeAstV infection (Dong et al., 2021). On 

another hand, asymptomatic cats can also excrete viral particles for up to 20 days, 

underscoring the need for periodic surveillance regardless of clinical manifestations (Li 

et al., 2021). 

Diarrhea is also a leading cause of mortality in children and 

immunosuppressed young people (Santos & Cardoso, 2005). Enteric viral agents are 

highly relevant, with HAstV from species MAstV-1 being considered the second most 

frequent enteric viruses in children (Olivares et al., 2020). Affected individuals may 

display no symptoms at all or experience watery diarrhea lasting up to three days, along 

with nausea, vomiting, and abdominalgia (Pérot, Lecuit & Eloit, 2017). Symptoms caused 

by AstV are usually self-limiting and less severe than those caused by rotaviruses (Pérot, 

Lecuit & Eloit, 2017; Olivares et al., 2020). Some reports have identified AstV strains in 

humans with greater similarity to animal AstV than to HAstV, suggesting a potential risk 

of new emerging zoonotic infections caused by AstV of animal origin (Nguyen, Piewbang 

& Techangamsuwan, 2023; Kuczera et al., 2024).   

 

3.1.2 Neurotropic astroviruses  

Besides classic gastrointestinal astroviruses, there is also the possibility of 

systemic clinical manifestation (Kuczera et al., 2024). Atypical AstV strains have been 

identified in the brains of children who were later diagnosed with encephalitis, suggesting 

an emerging infection that could be possibly fatal in children and/or immunosuppressed 

patients (Lum et al., 2016). Since neuroinvasive AstV are highly divergent from their 

classic enteric forms, phylogenetic analysis suggests a possible mutation event that may 

have resulted in different viral tropism (Lum et al., 2016). However, coinfections of both 

enteric and neurotropic strains in the same host are not unusual (Boros et al., 2017). 

Neurotropic AstV strains are classified in humans as HAstV-MLB1-3 and belong to the 

MAstV-6 species (Olivares et al., 2020; Caetano et al., 2021), also named as non-classic 

HAstV. Both classic and non-classic AstV have already been identified in fecal samples 

from children in the Brazilian Amazon since 1990 (Olivares et al., 2020). In Goiania 

(GO), there are also reports of AstV occurrence, particularly between September and 

March, when there are higher rainfall indices (Santos & Cardoso, 2005). 
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Fatal encephalitis is a common finding in AstV neurotropic infections in 

other mammal species, especially young and immunosuppressed animals (Lum et al., 

2016; Boros et al., 2017). In piglets, an AstV extremely similar to classic porcine 

astrovirus (PoAstV) was related to hind limb paresis, muscular weakness, and loss of 

consciousness (Boros et al., 2017). Furthermore, since FeAstV and PoAstV share a 

common ancestor (Wang et al., 2020), there is growing questioning about the potential 

for neuroinvasive AstV in other animals (Wildi & Seuberlich, 2021), such as wild felids.  

 

3.1.3 Astrovirus transmission, control and prevention 

Astroviruses transmission occurs mainly by fecal-oral route (Zhang et al., 

2019). Ingestion of contaminated water or food by humans or animal feces is the most 

common way of AstV infection in humans (Olaimat et al., 2024). For instance, AstV 

particles have been detected at significant rates in sewage water worldwide (Hoque et al., 

2023; Kumthip et al., 2023; Rao et al., 2023; Zamora-Figueroa et al., 2024). Besides the 

fecal-oral route, direct transmission through intraspecific (e.g., mating, socialization, 

fighting) and interspecific contact between wild or domestic preys, carnivores and 

scavengers are other main forms of AstV infection in animals (Johansson et al., 2020). 

AstV strains phylogenetically close to those found in foxes, bats and birds have been 

identified in the feces of domestic cats, suggesting possible ingestion of infected prey 

(Lawler et al., 2018). Ingestion of contaminated water sources, carcasses, and territorial 

marking are some examples of indirect AstV transmission pathways, particularly in areas 

close to human habitations (Johansson et al., 2020). Tourism and high traffic of people in 

tourist areas, such as the Amazon Forest, may introduce new AstV strains into the 

Brazilian scenario or other biomes (Olivares et al., 2020). Furthermore, animal AstV 

strains have been identified in feces of Aedes aegypti adult females in India, although the 

significance of this finding needs further investigation (Gangopadhayya et al., 2024). 

Treatment for AstV infection in humans or animals focuses only on 

managing clinical manifestations (Wang et al., 2021). There is currently no vaccine 

available against AstV, thus, biosecurity measures are the most effective form of 

prophylaxis (Wildi & Seuberlich, 2021). 
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3.1.4 Astrovirus in wild felids 

The first report of a possible new FeAstV variant strain in non-domestic 

felids was in a population of cheetahs (Acinonyx jubatus) kept under human care in 

Florida (EUA) (Atkins et al., 2009). Seven adult animals presented lethargy, anorexia, 

watery diarrhea, and regurgitation; five of them shared the same enclosure but two 

affected animals had no direct contact with the others (Atkins et al., 2009). A pan-AstV 

hemi nested RT-PCR protocol was established and used on fecal samples with universal 

primers targeting gene ORF1b and then ORF2 (Atkins et al., 2009). Phylogenetic analysis 

revealed high nucleotide identity similarity with HAstV-5 and FeAstV, respectively.  

AstV was later identified in oral swabs and fecal swabs from two adult 

tigers (Panthera tigris) with severe drooling resistant to antibiotic therapy, both sharing 

the same enclosure at a Chinese zoo (Zhang et al., 2019). Phylogenetic analysis based on 

RdRp fragments suggested TigAstV as a novel AstV strain that possibly shares a common 

origin with the previously known FeAstV (Zhang et al., 2019). Furthermore, when 

comparing the nucleotide’s identity of cheetahs, tigers, and domestic cats, authors also 

suggest possible interspecific transmission between animals within the family Felidae 

(Atkins et al., 2009; Zhang et al., 2019), but further investigations on AstV genomic 

sequences in other felids species are needed to clarify this.   

Nonetheless, viral particles with weak homology to AstV were identified 

by molecular techniques in rectal swabs from two of the eight free-ranging adult snow 

leopards (Panthera uncia) tested in Mongolia (Johansson et al., 2020). 

Although the impact of AstV on wild animal health is not yet fully 

established, it is believed that it still poses a threat, particularly to individuals under the 

cumulative effects of stress factors and consequent immunosuppression (Pacini et al., 

2023), as wild felids. Therefore, molecular screening surveys and pathological 

investigations are needed to further understand AstV infection in wild felids, especially 

considering that FeAstV is phylogenetically close to the possible neuroinvasive PoAstV 

and to HAstV (Soma et al., 2020; Wang et al., 2020). In addition, to its date, there are no 

reports of AstV screening on Brazilian felids, indicating a need for further investigation 

since current available literature focuses on Old World felid species. 
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3.2 Cardiovirus 

 

Cardiovirus is also known as encephalomyocarditis virus (EMCV), as it 

can cause a homonymous disease (Lu et al., 2021). They belong to the genus Cardiovirus 

(Family Picornaviridae), currently with seven species named Cardiovirus A to F (Foglia 

et al., 2023). These are small (30 nm), non-enveloped, rounded positive-sense single-

stranded RNA viruses, highly resistant to hostile environment (Carocci & Bakkali-

Kassimi, 2012). Its genome is approximately 7,800 pb in length subdivided in two ORFs 

that encode a total of 13 structural and non-structural proteins (Carocci & Bakkali-

Kassimi, 2012). Genes 1A-D encode structural capsid proteins, known as VP4, VP2, VP3, 

and VP1 respectively, with VP1 being responsible for strain virulence (Carocci & 

Bakkali-Kassimi, 2012; Vyshemirskii et al., 2017). Nonstructural proteins are encoded 

by genes 2A (important for viral translation), 2B (high genetic variation), 2C, and 3A-D, 

all of which are involved in viral replication (Carocci & Bakkali-Kassimi, 2012; Romey 

et al., 2021). Gene 3D experiences less selective pressure from the host immune system, 

making it a highly conserved gene and a good target for molecular analysis (Koenen et 

al., 1999). Gene 1D (VP1), on the other hand, is responsible for virus adherence to the 

host cell receptor and is typically used to further classify EMCV serotypes into 1 to 4 

(Vyshemirskii et al., 2017). However, some authors believe mutations in gene 1D (VP1) 

are silent because EMCV strains found in different animal species in Europe, Asia and 

South America are highly similar (Oberste et al., 2009; Cardetti et al., 2016; Medkour et 

al., 2021). Thus, EMCV has emerged worldwide as a new sporadic pathogen with high 

antigenic and molecular stability, capable of infecting a wide range of host species 

(Romey et al., 2021; Foglia et al., 2023). 

The pathogenesis of EMCV is still under investigation, but experimental 

reports suggest that this virus has a tropism for receptors located in vascular endothelial 

cells (Lipton, Kumer & Hertzler, 2007). Once EMCV attaches to the host cell, viral RNA 

acts as mRNA during translation and as a template during genomic replication, which 

occurs within host cell’s cytoplasm (Knowles et al., 2009). New viral particles are then 

released within the host cell, leading to an exacerbated inflammatory response mediated 

by the host’s immune system (Carocci & Bakkali-Kassimi, 2012). Excessive 

inflammatory cytosines can increase EMCV virulence and negatively affect cardiac 

function, leading to acute non-suppurative myocarditis that may result in death 

(McLelland et al., 2005). Indeed, EMCV infections are usually fatal, and sudden death is 
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typically considered its main clinical manifestation, as reported in non-humans primates 

and animals from the families Camelidae, Elephantidae, Felidae, Hippopotamidae, 

Macropodidade, Tapiridae and Suidae (Koenen et al., 1999; Oberste et al., 2009; Canelli 

et al., 2010; Liu et al., 2013; Cardetti et al., 2016; Flacke et al., 2016; Vercammen et al., 

2017; Vyshemirskii et al., 2017; O’Connor et al., 2020; Medkour et al., 2021; Romey et 

al., 2021). Other clinical manifestations in different animal species include encephalitis, 

lethargy, weakness, cramps, shakiness, dyspnea, and motor incoordination (Canelli et al., 

2010; Cardetti et al., 2016; O’Connor et al., 2020; Foglia et al., 2023; Gris et al., 2023). 

However, some animals can be infected by EMCV and display no evident clinical 

manifestation (Carocci & Bakkali-Kassimi, 2012; Fernandez-Cassi et al., 2020; Ao, Xu 

& Duan, 2022; Werid et al., 2022b; Grist et al., 2023). 

Most EMCV cases are reported in animals kept under human care in 

locations with a history of rodent infestation (O’Connor et al., 2020; Romey et al., 2021). 

Rodents are generally considered the natural definitive and intermediary hosts in EMCV 

ecology, as well as their reservoirs, because they can excrete viral particles for up to 29 

days (Lipton, Kumer & Hertzler, 2007; Truong et al., 2013; Kishimoto et al., 2021; Gris 

et al., 2023). Although the main transmission pathway of EMCV is through the fecal-oral 

route, viral particles have also been identified in extra-intestinal tissues of rodents, 

suggesting it can be transmitted not only through ingestion of contaminated feces but also 

the whole prey (Reddacliff et al., 1997; Boros et al., 2019). Considering that wild and 

domestic rodents are the primary prey of wild Brazilian felids, they pose a risk to felids’ 

health by acting as reservoirs of several pathogens (Seward et al., 2004; Cavalcanti et al., 

2010; Adania, Silva & Felippe, 2014). Additionally, vertical transmission of EMCV has 

been reported in pigs, but the most common method of infection is horizontal through 

ingestion of water or food contaminated by infected rodent feces (Vyshemirskii et al., 

2017; Gris et al., 2023). High quantities of Cardiovirus viral particles have been detected 

in sewage water worldwide (Stockdale et al., 2023; Li et al., 2024). 

EMCV is a potential zoonotic virus that when infecting humans may result 

or not in clinical manifestations, such as encephalitis and aseptic meningitis (Lipton, 

Kumer & Hertzler, 2007; Feng et al., 2015; Foglia et al., 2023). Some authors suggest 

that humans can become infected if open wounds come into contact with infected animals, 

especially domestic cats, as they are more likely to interact with rodents (Oberste et al., 

2009; Li et al., 2024). 
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In 1960, an EMCV epizootic occurred in the Brazilian Amazon Forest, 

confirmed after antibodies against EMCV were detected in wild rodents, horses, cows, 

birds and mosquitoes (Causey, Shope & Laemmert, 1962). Later, in 1980, there was an 

EMCV outbreak on a pig farm in Southern Brazil, with a reemergence in 2023 on another 

farm in the East Center of Brazil (Gris et al., 2023). This last report characterizes the first 

molecular description of EMCV in Brazil (Gris et al., 2023). 

Managing environmental contamination with EMCV is challenging, thus, 

prophylactic measures are the best way to prevent potential outbreaks, including control 

of rodent population, periodical cleaning of animal enclosures and serologic testing for 

anti-EMCV antibodies before transferring animals to new institutions (Lipton, Kumer & 

Hertzler, 2007). For instance, some authors suggest that EMCV introduction into certain 

zoos may have occurred through wildlife exchange among institutions (McLelland et al., 

2005; Lipton, Kumar & Hertzler, 2007; Flacke et al., 2016). Vaccines are still under 

development, however, serologic surveys in healthy animals suggest that a prior exposure 

to EMCV does not protect them from subsequent infections (Reddacliff et al., 1997; 

Backues et al., 1999; McLelland et al., 2005). 

Therefore, considering the mortality rate associated with EMCV and its 

capacity to cause outbreak in various host species, including humans, surveillance of 

EMCV in wild Brazilian felids is a matter of public health within the One Health scope 

(Yuan et al., 2014; Feng et al., 2015). 

 

3.2.1 Cardiovirus in wild felids 

Within the Felidae family, antibodies against EMCV were first reported in 

a healthy lion (Panthera leo) kept in a zoo where a recent EMCV outbreak had caused 

the sudden death of several other animals from different species [e.g., non-primate 

species, pygmy hippopotamus (Choeropsis liberiensis) and goodfellows tree kangaroos 

(Dendrolagus goodfellowi)] (Reddacliff et al., 1997). However, the first and only 

molecular report of EMCV in felids was in three tigers kept at a semi-captive facility in 

China (Liu et al., 2013). One tiger was found dead, and two days later, another two 

individuals exhibited lethargy, depression, and anorexia that led to death despite 

antibiotic therapy for a week (Liu et al., 2013). EMCV was identified by RT-PCR and the 

potential source of infection was a nearby wild boar farm, since no rodents were found 

near the felids’ enclosure (Liu et al., 2013). This report is important because it 

demonstrates that felids are also susceptible hosts to EMCV, which raises the question of 
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whether this virus has reached neotropical felids as well, especially those kept under 

human care or in zoo facilities. 

 

 

 

3.3 Rotavirus 

 

Rotaviruses are positive-sense double-stranded RNA viruses from the 

subfamily Sedoreovirina (Family Reoviridae) (Attoui et al., 2009). They were named due 

to their peculiar morphology, which resembles a wheel when visualized under electron 

microscopy (Lestari et al., 2023). Rotaviruses have a triple-layered capsid with no 

spicules, approximately 100 nm diameter, and a genome subdivided in 11 segments 

(Squires, 2014). Segments VP1-8 encodes structural proteins and segments NSP1-6 

encodes non-structural proteins (Attoui et al., 2009). Proteins expressed by VP4 and VP7 

are the most external and, therefore, probably more susceptible to mutations (Attoui et 

al., 2009). To further classify Rotavirus A (RVA) genotypes, molecular analysis of all the 

11 segments is necessary (Ghosh & Kobayashi, 2014). RVA classification follows the 

structure Gx-P[x]-Ix-Rx-Cx-Mx-Ax-Nx-Tx-Ex-Hx, where x corresponds to the genotype 

number and each letter to one of the respective segments VP7-VP4-VP6-VP1-VP2-VP3-

NSP1-NSP2-NSP3-NSP4-NSP5 (Ghosh & Kobayashi, 2014). This new classification 

system allows researchers to establish with greater precision the genetic relationships 

between RVA of animal and human origin (Martella et al., 2011). Over 50 different 

genotypes have been suggested, revealing a complex evolution of this viral agent with 

several recombination events between RVA of animal and human origin (Squires, 2014; 

Ng et al., 2014; Gabriel et al., 2023; Lestari et al., 2023). Although RVA is the most 

common Rotavirus (RV), it can be classified into nine species, Rotavirus A-I (Olaimat et 

al., 2024). All of these are capable of crossing species barriers and infecting humans, 

wild, and domestic animals (Nakagomi & Nakagomi, 1989; Ghosh & Kobayashi, 2014; 

Phan et al., 2017). 

The primary transmission pathway of RV is the fecal-oral route, either 

through direct contact or contaminated fomites (Attoui et al., 2009; Gabriel et al., 2023). 

After oral ingestion of viral particles, RV replicates and compromises the villi of small 

intestine enterocytes, resulting in malabsorption of nutrients, fluids, and electrolytes 

(Olaimat et al., 2024). RV pathology may be primary or associated to other etiological 
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agents, presenting watery diarrhea, weight loss and dehydration as the main clinical 

manifestations in animals, especially in young and immunosuppressed individuals (Ng et 

al., 2014; Almeida et al., 2018; Gabriel et al., 2023). Nonetheless, RV has also been 

identified in fecal samples of healthy asymptomatic animals (Marshall et al., 1987; de 

Barros et al., 2018). 

Most adult domestic cats have serological evidence of previous contact 

with RV, probably due to the queen’s behavior of cleaning the perineal area of her kittens 

to stimulate defecation (Squires, 2014; German et al., 2015). This maternal coprophagy 

may reduce the risk of active infections in kittens via “oral vaccination” by the queen, 

which increases the kittens’ anti-RV antibodies and thus decreases the chances of diarrhea 

(German et al., 2015). However, these kittens may still act as infection multiplicators even 

without clinical manifestations (German et al., 2015). Consequently, domestic felids are 

considered common dispersers of enteric viruses (Ng et al., 2014).  

Although there is still no clear association between RV infection and 

diarrhea in felids, this is not the case in humans (Gabriel et al., 2023). In humans, RV is 

considered the main agent responsible for diarrhea outbreaks in children and is frequently 

associated with high mortality and morbidity worldwide (Olivares et al., 2020; Gabriel et 

al., 2023). Some authors hypothesize that domestic cats may act as a source of infection 

for humans, not only due to RV’s ability to cross species barriers but also due to 

phylogenetic closeness between felid and human RVs, with several recombination events 

in their evolutionary history (Marshall et al., 1987; De Grazia et al., 2010; Martella et al., 

2011; Squires, 2014). Nevertheless, there is a report of a child, who owned a cat as a pet, 

infected by a RV highly similar to those isolated in these felids (Nakagomi & Nakagomi, 

1989).  

Besides infection through contact with contaminated animals, RV viral 

particles are stable even in hostile environments and they are able to persist in water and 

food (Olaimat et al., 2024). For instance, both RVs of animal and human origin were 

detected in sewage water samples worldwide at relatively high rates, with higher 

occurrences detected in less economically developed countries (Miura et al., 2022; 

Gabriel et al., 2023; Hoque et al., 2023; Zamora-Figueroa et al., 2024). In Brazil, RVs of 

both animal and human origin have been isolated in fecal samples of newborn babies with 

diarrhea within the Amazon Forest region and in feces of domestic felids from the same 

area (de Barros et al., 2018; Maestri et al., 2021). In Southeast Brazil, different genotypes 

of RV were also detected in the feces of children (Santos et al., 2001).  
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Prevention of RV infection involves biosecurity measures, but vaccination 

of children in endemic areas, including Latin America, is also an option (Maestri et al., 

2012). It is important to highlight that vaccines against RV may mitigate the disease but 

cannot completely prevent infection, especially because RVs may evade vaccine-induced 

immune pressure and recombine in new resistant genotypes (known as escape mutants) 

(Maestri et al., 2012; Zamora-Figueroa et al., 2024). In this context, long-term molecular 

surveillance is crucial to monitor any changes in viral genotypes and to manage potential 

emerging infections (de Barros et al., 2018; Zamora-Figueroa et al., 2024). 

 

3.3.1 Rotavirus in wild felids 

The only molecular report of Rotavirus in wild felids is on free-ranging 

snow leopards, where four out of seven tested animals were RV-positive by molecular 

detection in rectal swab samples (Johansson et al., 2020). However, the RV identified in 

this study was phylogenetically more closely related to RVs previously detected in 

humans and bovids, suggesting the possibility of either a novel RV strain, a spillover of 

an already known RV, or even the ingestion of an infected prey (Johansson et al., 2020). 

It is also worth mentioning a serologic report of RVA in two young wild 

felids from the Brazilian Amazon, one ocelot and one oncilla (Gabriel et al., 2023). Both 

cubs were free-ranging admitted to a rehabilitation center with clinical manifestations 

including postprandial vomiting, rapidly progressive cachexia, dehydration, and watery 

yellowish diarrhea with a fetid odor (Gabriel et al., 2023). Despite pharmacological 

treatment, both animals died within less than 15 days (Gabriel et al., 2023). They did not 

yield positive molecular results for RVA, only serological evidence of a possible previous 

exposure to this virus. Thus, there is a lack of knowledge on whether RVA is circulating 

among wild felids in Brazil or not, which highlights the need of molecular RVA research 

on these species. 
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4 MATERIAL AND METHODS 

 

 

4.1 Permissions 

 

This study was approved by the Animal Ethics Committee of the School 

of Veterinary Medicine and Animal Science of the University of the State of São Paulo 

“Júlio de Mesquita Filho” (FMVZ – UNESP Botucatu) under protocol 0239/2022. 

Authorization for collection and transportation of biological materials from non-domestic 

felids was granted by the Biodiversity Authorization and Information System (SISBio), 

identified by numbers 84350 and 76428. Finally, this study was also registered on 

National System for the Management of Genetic Heritage and Associated Traditional 

Knowledge (SisGen) under registration code A5A3124.  

 

 

 

4.2 Sampling area 

 

Retrospective and prospective frozen samples were analyzed in this study, 

including animals sampled from 2016 to 2024. All samples were from wild felids, 

including free-ranging and animals under human care, with or without clinical 

manifestations, live and deceased. Samples were provided by affiliated institutions, as 

well as biological and epidemiological data and the animal’s clinical history when 

available. 

Prospective samples of live animals were collected at three different 

institutions, comprising the great biomes of Amazon Forest, Atlantic Forest and Caatinga, 

as shown in Figure 1. Two jaguars and one cougar were sampled during jaguar scientific 

captures promoted by the National Center for Research and Conservation of Carnivorous 

Mammals (CENAP) at two different Conservation Unities, both ruled by Chico Mendes 

Institute for Biodiversity Conservation (ICMBio). One of them is the National Park Serra 

da Capivara (PNSC – PI), located in an area of 130,000 hectares under the coordinates 8º 

25’ S 42º 20’ W, within a semi-arid Caatinga biome. This park features canyon 
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formations, low vegetation that loses its leaves during dry seasons, and underground 

caves, which are flooded during the rainy season (November to April), when there is 

emergence of small lagoons surrounded by greener and taller vegetation (ICMBio, 2019).  

The other Conservation Unity is the Gurupi Biological Reserve (ReBio 

Gurupi – MA). It has an approximated area of 27,000 hectares and it is in a transition 

zone between the humid climate of Northern Brazil and the semi-arid climate of Northeast 

(3º 48’ S 45º 46’ W). The Reserve is marked by high vegetation and frequent rains, but it 

is in an area of the Eastern Amazon extremely deforested and fragmented, with 

occupations by indigenous populations on the surroundings (ICMBio, 1999). This is also 

a location of reportedly illegal wood overexploitation and hunting of several wild 

animals, including felids. 

All animals kept under human care analyzed in this project are from a zoo 

in São Paulo state located in an area of transition between the Atlantic Forest and Cerrado 

biomes. The Atlantic Forest is the most fragmented Brazilian biome, with frequent rains 

and tall, arboreal and relatively dense remaining vegetation. Cerrado, on the other hand, 

is characterized by open areas, warmer temperatures and vegetations marked by crooked 

trunks, shrubs and grasses. The transition areas of these biomes have characteristics of 

both.  
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Figure 1. Live felids analyzed in this project and their places of origin and sampling 

collection.  
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Roadkill felids were also analyzed in this project. They were found on the 

side of different highways in Southeast Brazil, as shown in Figure 2. Most of them were 

located within the state of São Paulo, in areas of Atlantic Forest, Cerrado and transition 

zones between them. Feline carcasses from coastal regions of São Paulo and Rio de 

Janeiro were also sampled. Such locations are characterized by restingas, a grassy type of 

vegetation specifically adapted to sandy soil and humid climate influenced by the sea. 

Finally, ocelots from areas of Araucaria vegetation were sampled. This type of vegetation 

is characterized mainly by large dioecious trees and is more commonly found between 

the states of São Paulo and Paraná.  

 

 

 

 

 

 

Figure 2. Areas where the roadkill felids analyzed in this project were found. The main 

highways where animals were found included BR 116, SP 99, SP 127 and SP 270. 
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4.3 Samples 

 

Samples obtained from live animals were collected after they were 

previously chemically restrained, following anesthetic protocols established by the 

institution responsible for each procedure. After collection, samples were immediately 

frozen until they were transported to the Laboratory of Wildlife Comparative Pathology 

(LAPCOM), at FMVZ of the University of São Paulo (USP), where they were stored at -

80ºC. Regarding the deceased animals, these samples were previously used in studies 

conducted at LAPCOM (Navas-Suárez, 2022; Lugo, 2024). All carcasses were frozen 

until transported to LAPCOM where they underwent a standardized necropsy procedure, 

with the collection of samples for histopathology (formalin 10%) and molecular analysis 

(frozen at -80ºC). 

 

4.3.1 Blood 

Blood samples were collected and stored in tubes with 

ethylenediaminetetraacetic (EDTA). The adopted collection protocols (e.g., puncture 

vessel, needle size, prior asepsis method) were previously established by the institution 

responsible for the animal. All samples were frozen immediately after collection until 

they were transported to LAPCOM, where they were stored at -80ºC.  

 

4.3.2 Swab, tissues and feces  

Oral, nasal, rectal, vaginal, and urogenital swab samples were collected. 

All the cotton swabs were rotated against the mucous wall and then immediately 

immersed in 2 ml RNase Free cryotubes containing 300 µL of 10 mmol/L phosphate 

buffered saline (PBS). These were frozen afterward until transported to LAPCOM, where 

they were stored at -80ºC.  

Available tissues from roadkill felids, including brain, cerebellum, lung, 

heart, spleen, liver, mesenteric and submandibular lymph nodes, kidney, tonsils, skeletal 

muscles, and feces available in the LAPCOM tissue bank and frozen at -80ºC were 

analyzed. Whenever available, more than one tissue sample per animal was studied.  
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4.4 Molecular analysis 

 

4.4.1 RNA extraction 

Total RNA extraction from EDTA blood samples was performed using the 

commercial QIAmp RNA Blood Mini Kit (Qiagen, Valencia, CA, EUA) following the 

manufacturer’s instructions. The total RNA extracted was later stored at -80ºC freezers 

until further processing.  

Tissues and fecal samples were aliquoted in 3 mm³ pieces using sterilized 

tongs, Petri dish, and scalpel. Aliquots were then macerated with 400 µL of RLT Buffer 

from Qiagen RNeasy Mini Kit (Valencia, CA, USA) using Bio-Gen Pro200 homogenizer 

(Pro Scientific, Oxford, USA). After maceration, total RNA was extracted using the same 

RNeasy Mini Kit (Qiagen, Valencia, CA, USA) according to the manufacturer’s 

instructions. Total RNA from swab samples was extracted using the same kit. All total 

RNA extractions were later stored at -80ºC before further processing.   

All extraction procedures were conducted at LAPCOM using a Z 32 HK 

centrifuge (HERMLE Labortechnik GmbH, Alemanha). In all extractions 100 µL of 

RNase-free water (Qiagen, Valencia, CA, EUA) was used as negative control. Total RNA 

extractions were quantified using BioTek EPOCH equipment (Agilent, Santa Clara, CA, 

EUA) before being submitted to further molecular analysis. 

Initial screening was performed with target tissues depending on the 

selected virus pathogenicity. In case of positive animals, their other available biological 

samples were submitted to the same molecular reaction.  

 

4.4.2 Astrovirus RT-PCR  

AstV detection via RT-PCR was performed by targeting gene ORF1b 

using a nested protocol previously published (Atkins et al., 2009; Rivera et al., 2010; 

Lawler et al., 2018). For protocol standardization and validation, positive control samples 

were utilized. The positive control samples of HAstVs 1-8 were kindly provided by the 

biological sample repository of the Comparative and Environmental Virology Laboratory 

(LVCA) at Oswaldo Cruz Institute (IOC), Rio de Janeiro (RJ). This laboratory is part of 

the Ministry of Health’s structure and plays a crucial role in the surveillance of acute 

gastroenteritis outbreaks in humans in Brazil.  

The first round of the nested RT-PCR was made with OneStep Enzyme 

(Qiagen, Valencia, CA, EUA) according to standard protocol, using 4 µL of each sample 
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and 20 µM primers Astr4380F and Astr4811R (Table 1). RNase-free water was added to 

reach a total volume reaction of 25 µL. This mixture was amplified in C1000 Touch 

Thermal Cycler (Bio-Rad, CA, EUA) with the following conditions: initial denaturation 

at 50ºC for 30’, reverse transcriptase reaction at 95ºC for 15’, 36 cycles of denaturation 

at 94ºC for 30’’; annealing at 47ºC for 30’’; extension at 72ºC for 30’’, and a final 

extension at 72ºC for 7’. The second round of PCR was made using 4 µL of the first RT-

PCR product, 20 µM primers Astr4574F and Astr4722R (Table 1) and polymerase 

enzyme TaqPlatinum (Invitrogen, Thermo Fisher, MA, USA). RNase-free water was 

added until a total volume reaction of 25 µL. This mixture was amplified with the 

following conditions: initial denaturation at 94ºC for 5’, followed by 36 cycles of 

denaturation at 94ºC for 30’’; annealing at 47ºC for 30’’; extension at 72ºC for 30’’, and 

a final extension at 72ºC for 7’. RNase Free Water (Qiagen, Valencia, CA, EUA) was 

used as negative control. 

Amplified products were resolved in electrophoresis 1,5% agarose gel 

stained with SYBR Safe DNA (Invitrogen, Thermo Fisher, MA, EUA), and applied with 

BlueJuice Gel Loading Buffer 1X (Invitrogen, Thermo Fisher, MA, EUA).  

 

 

Table 1. AstV primers targeting gene ORF1b used in this nested RT-PCR protocol. 

Primers Astr4380F and Astr4811R were used in the first round to amplify a 430 bp 

fragment, while primers Astr4574F and Astr4722R were used in the second round to 

amplify a 150 bp fragment.  

Primer 
Nucleotid sequence 

(5’-3’) 
Reference 

Astr4380F GAYTGGRCNCGNTWYGATGGNACIAT 

Atkins et al., 2009 

 

Astr4811R GGYTTNACCCACATNCCAAA 

Astr4574F GGNAAYCCMTCWGGICA 

Astr4722R ARNCKRTCATCNCCATA 

 

Amplified 150 pb fragments were purified using ExoSAP-IT enzyme 

(Affymetrix, CA, EUA), according to the fabricant’s instructions. Purified products were 

then submitted to Sanger sequencing in both directions, with the same two primers used 

in the second round of PCR diluted at 5 µM. 
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4.4.3 Cardiovirus RT-qPCR 

EMCV was investigated via RT-qPCR. The protocol was performed with 

Kapa SYBR Fast Enzyme, 50X RT Kapa enzyme and ROX Reference Dye High, 

following concentrations suggested by the fabricant (Applied Biosystems, Thermo 

Fisher, MA, USA). The selected 30 µM primers EMCV-P1 and EMCV-P2 target a 286 

pb fragment of gene 3D (Table 2). Each reaction was made with 4 µL of sample. RNase 

Free Water (Qiagen, Valencia, CA, EUA) was added until reaching a final volume 

reaction of 20 µL. Reaction times followed were: reverse transcriptase reaction at 42ºC 

for 5’, initial denaturation at 95ºC for 3’, followed by 45 cycles of denaturation at 95ºC 

for 3’’; annealing at 60ºC for 30’’; extension at 95ºC for 15’’, melting at 60ºC for 1’ and 

a final extension step at 95ºC for 15’’. The amplification was performed in a 

StepOnePlus™ System (Applied Biosystems, Thermo Fisher, MA, USA).] 

 

 

Table 2. Primers used in this RT-qPCR protocol to detect a 286 bp fragment of EMCV’s 

gene 3D.  

Primer Nucleotid sequences 

5’-3’ 

Reference 

EMCV-P1 CCCTACCTCACGGAATGGGGCAAAG Vanderhallen e 

Koenen, 1998 EMCV-P2 GGTGAGAGCAAGCCTCGCAAAGACAG 

 

Positive control samples were kindly provided by Dr. David Driemeier, 

from the Veterinary Pathology Sector of the Federal University of Rio Grande do Sul 

(UFRGS), which was later serially diluted with RNase-free water. The latter was also 

used as a negative control in all reactions. All samples were diluted in RNase-free water 

to a 1:10 proportion before submitting them to RT-qPCR. Samples with values of Cycles 

threshold (Ct) lower than 35 and melting temperature (Tm) higher than 80ºC were 

considered suspected and were then purified with ExoSAP-IT enzyme (Affymetrix, CA, 

EUA), following the same conditions previously mentioned. Purified samples were 

finally sent to Sanger sequencing in both directions, also following the same conditions 

previously mentioned. 
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4.4.4 Rotavirus RT-qPCR 

Total RNA extractions were tested for RVA at the LVCA (IOC, RJ) using 

a RT-qPCR protocol previously published (Zeng et al., 2008). The reaction was made 

with a RT SIII/Taq enzyme and 10 µM probe and primers targeting gene NSP3, as shown 

in Table 3. Five µL of each sample was added to the mix reaction and RNase Free Water 

(Qiagen, Valencia, CA, EUA) was used to complete a total volume reaction of 25 µL. 

The amplification temperatures were as follows: transcriptase reverse reaction at 55ºC for 

30’, initial denaturation at 95ºC for 10’, followed by 40 cycles of denaturation at 95ºC for 

15’’; hybridization and extension at 60ºC for 1’. The reaction was performed in 

QuantStudio 3 (Applied Biosystems, Thermo Fisher, MA, USA) thermocycler.  

Amplification plots of fluorescence intensities were used at different 10-fold dilutions, 

such as 10³, 104, and 106. A positive control was also used as reference, as well as RNase 

Free Water (Qiagen, Valencia, CA, EUA) as negative control. 

 

Table 3. Primers and probe used in this RT-qPCR protocol to detect a 80 bp fragment of 

the RVA NSP3 gene.  

Primers and probe 
Nucleotid sequence 

(5’-3’) 
Reference 

NSP3F ACCATCTWCACRTRACCCTCTATGAGa 

Zeng et al., 2008 

 

NSP3R GGTCACATAACGCCCCTATAGC 

TaqMan Probe FAM-AGTTAAAAGCTAACACTGTCAAA-MGB 

 

 

 

4.5 Phylogenetic analysis 

 

Obtained sequences were assembled in MEGA 7.0 program (Kumar et al., 

2016) using ClustalW alignment and compared with those available in GenBank by 

BLASTn search (https://blas.ncbi.nlm.nih.gov/Blas_t.cgi). Nucleotide genetic distances 

to the closest sequences were calculated based on p-distance after editing out the primers. 

Finally, nucleotide maximum likelihood phylogenetic tree was constructed using MEGA 

7.0 with a bootstrap value of 1,000 replicants and a Neighbor-Joining model for AstV 

https://blas.ncbi.nlm.nih.gov/Blas_t.cgi


39 

 

 

ORF1b gene (150 bp). The evolutionary model selected was p-distance, based mostly on 

other reports (Sun et al., 2014). All bootstrap frequency values less than 70 were omitted.  

 

 

 

4.6 Histopathology  

 

In positive cases for any of the viral agents, histopathological analysis was 

conducted on formalin-fixed samples, when available. Formalin-fixed tissues were 

embedded in paraffin until sectioned in portions of 3-5 μm in thickness and placed into 

plastic cassettes for routine histopathological processing. Finally, the slides were stained 

with hematoxylin and eosin (HE). 

The histopathological analysis followed the fundamental levels of 

morphological diagnosis proposed by national organizations, such as the Brazilian 

Association of Veterinary Pathology, and international organizations, such as the 

American College of Veterinary Pathologists and the European College of Veterinary 

Pathologists. Thus, the lesions were described referencing the affected organ, the type of 

lesion, its distribution, intensity, and temporality. 
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5 RESULTS 

 

 

 

5.1 Samples 

 

A total of 50 wild felids were analyzed in this project, including animals 

from six different species: jaguar (n = 3), cougar (n = 12), ocelot (n = 19), jaguarundi (n 

= 7), margay cat (n = 3) and southern tiger cat (n = 6). Available epidemiological, 

biological, and sampling data on all animals are included in Appendix 1. 

RNA extraction was performed in the following samples: EDTA blood (n 

= 13), oral swab (n = 14), nasal swab (n = 13), rectal swab (n = 14), vaginal swab (n = 9), 

urogenital swab (n = 1), brain (n = 23), cerebellum (n = 7), lung (n = 27), heart (n = 29), 

spleen (n = 20), liver (n = 25), mesenteric lymph node (n = 23), submandibular lymph 

node (n = 2), kidney (n = 27), tonsils (n = 9), skeletal muscle (n = 13), stomach (n = 1), 

adrenal gland (n = 1), trachea (n = 1) and feces (n = 7) (Appendix 1), totalizing 279 

extracted samples. 

Not all animals were tested for all viruses. Individuals were tested by each 

virus according to available biological samples, as shown in Table 4. Of the total 50 wild 

felids studied, 43 were tested for all three viruses. 

 

 

Table 4. Distribution of the animals tested for each of the selected RNA viruses, according 

to ID, species, age group, sex, and origin. 

A: Adult; Y: Young; C: Cub; M: Male; F: Female; AstV: Astrovirus; EMCV: Encephalomyocarditis Virus; 

RVA: Rotavirus A.   

*: Roadkill animals. Cities where they were found on the highways and the highways codes are noted, 

respectively.  

ID Species 
Age 

Class 
Sex Origin AstV EMCV RVA 

MC4890 P. concolor A M Salto de Pirapora (SP) X X  

MC9440 L. pardalis A M Zoo  X X X 

MC3794 L. wiedii A F Zoo X X X 
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MC4769 L. pardalis A F Zoo X X X 

MC4566 L. guttulus A F Zoo X X X 

MC9574 P. concolor A M Zoo X X X 

MC2557 L. wiedii A M Zoo X X X 

MC3910 L. wiedii A M Zoo X X X 

MC8105 P. concolor Y F Zoo X X X 

CAD272.283 L. guttulus C F Botucatu (SP) X  X 

bPon543 P. onca A M PNSC (PI) X  X 

VIT P. onca A F Zoo X X X 

MC3490 H. yagouaroundi A F Zoo X X X 

BANG P. concolor Y F Botucatu (SP) X X X 

ML P. concolor Y F ReBio Gurupi (MA) X X X 

bPon547 P. onca A M ReBio Gurupi (MA) X  X 

CS-001 L. pardalis A M *Caraguatatuba (SP) – SP99 X X X 

CS-002 L. pardalis Y F *Paraibuna (SP) – SP99 X X X 

CS-009 P. concolor Y M *Cajati (SP) – BR116 X X X 

CS-012 L. guttulus Y F *Caraguatatuba (SP) – SP99 X X X 

CS-014 H. yagouaroundi A M *Paraibuna (SP) – SP99 X X X 

CS-016 L. guttulus A M *Caraguatatuba (SP) – SP310 X X X 

CS-018 P. concolor A F *Corumbatai (SP) – SP310 X X X 

CS-019 L. pardalis A M *Caraguatatuba (SP) – SP99 X X X 

CS-025 L. pardalis A M *Caraguatatuba (SP) – SP310 X X X 

CS-026 L. pardalis Y M *Caraguatatuba (SP) – SP310 X X X 

CS-027 L. pardalis A F *Caraguatatuba (SP) – SP310 X X X 

CS-031 P. concolor A F 
*S. Miguel Arcanjo (SP) – 

SP331 
X X X 

RK-032 L. pardalis Y M *Paraibuna (SP) – SP99 X X X 

RK-034 P. concolor A M *Caraguatatuba (SP) – SP99 X X X 

RK-039 L. guttulus Y F *Caraguatatuba (SP) – SP99 X X X 

RK-042 P. concolor Y F *Piracicaba (SP) – SP127 X X X 

RK-062 H. yagouaroundi Y M *Jambeiro (SP) – SP99 X X X 

RK-066 L. pardalis A M *Caraguatatuba (SP) – SP99 X X X 

RK-067 L. pardalis Y M *Miracatu (SP) – BR116 X X  

RK-088 H. yagouaroundi A M *Atibaia (SP) – BR381 X X X 

RK-089 H. yagouaroundi Y M *Atibaia (SP) – BR381 X X X 

RK-104 H. yagouaroundi A M *Atibaia (SP) – BR381  X  

RK-175 L. pardalis A F *Caraguatatuba (SP) – SP99 X X X 

RK-205 H. yagouaroundi A M *Paraibuna (SP) – SP99 X X X 
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RK-206 P. concolor Y F *Registro (SP) – BR116 X X X 

RK-263 L. pardalis Y M *Ipaussu (SP) – SP270 X X X 

RK-273 L. pardalis Y F *Duque de Caxias (RJ) – BR116 X X X 

RK-276 L. pardalis A M *Cajati (SP) – BR116 X X X 

RK-278 L. pardalis A M *Duque de Caxias (RJ) – BR116 X X X 

RK-280 P. concolor Y M *Cajati (SP) – BR116 X X X 

RK-303 L. guttulus Y M *Paraibuna (SP) – SP99 X X X 

RK-310 L. pardalis A M *Caraguatatuba (SP) – SP99  X X 

RK-400 L. pardalis A M *Paraibuna (SP) – SP99 X X X 

RK-414 L. pardalis A M *Paraibuna (SP) – SP99 X X X 

 

 

 

5.2 Astrovirus 

 

Total RNA extracted from 48 felids was tested, with more than one sample 

per animal whenever target tissues were available (Table 5). Prioritized tissue samples 

for an initial AstV screening included: EDTA blood (n = 13), rectal swab (n = 14), oral 

swab (n = 14), spleen (n = 20), mesenteric lymph node (n = 20), intestine (n = 23), brain 

(n = 26), and feces (n = 6), totalizing 136 tested samples. In positive cases, other tissues 

available from the same animal were submitted to the same RT-PCR. 

 

 

Table 5. Wild felids and their respective target tissues selected for initial AstV screening. 

A: Adults; Y: Young; FR: Free Raging; HU: kept under human care; BL: Blood; RS: Rectal Swab; 

OS: Oral Swab; SP: Spleen; ML: Mesenteric Lymph node; IN: Intestines; BR: Brain; FE: Feces.  

Species N 
Males Females Origin Samples (n = 136) 

A Y A Y FR HU BL RS OS SP ML IN BR FE 

P. concolor 12 3 2 2 5 10 2 5 4 4 5 6 6 6 1 

L. pardalis 18 9 4 3 2 16 2 2 2 2 8 9 12 14 2 

L. wiedii 3 2 0 1 0 0 3 3 3 3 0 0 0 0 0 

L. guttulus 6 1 1 1 3 5 1 1 2 2 3 3 4 3 2 
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In total, 136 samples were initially screened for AstV by RT-PCR, with 

one positive result (0.7%). This sample was a rectal swab from a captive southern tiger 

cat, representing 7.1% of all rectal swabs tested (1/14). Thus, one of 48 tested wild felids 

was positive for AstV detection via RT-PCR, with an occurrence rate of 2.1% for all 

species tested and 16.6% (1/6) specifically for this species. The positive animal was a 

female adult maintained at a zoo in São Paulo state, representing 10% (1/10) of all zoo 

wild felids tested. The animal was considered healthy upon clinical examination on the 

same date of sample collection. Upon the positive result on rectal swab analysis, all other 

samples available from this animal (i.e., EDTA blood, oral swab, nasal swab, and vaginal 

swab) were submitted to pan-astrovirus RT-PCR protocol, with negative results. 

The retrieved AstV sequence was 150 bp long and presented 90.48% 

nucleotide identity (Query Cover [QC]: 98%) with the closest available sequences in 

GenBank: Chicken Astroviruses from the United Kingdom (accession numbers 

JN582327 and EU668998) and Iran (MN871901). On the phylogram, the retrieved 

sequence clustered closer to chicken astroviruses than to feline astroviruses (Figure 3). 

 

P. onca 3 2 0 1 0 2 1 1 2 2 0 0 0 0 0 

H. 

yagouaroundi 
6 3 2 1 0 5 1 1 1 1 4 2 1 3 1 

Total 48 20 9 9 10 38 10 13 14 14 20 20 23 26 6 
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5.3  Cardiovirus 

 

Animals and their selected target tissues for initial screening for EMCV 

are shown in Table 6. The following samples were prioritized: EDTA blood (n = 13), 

brain (n = 25), heart (n = 28), lungs (n = 26), liver (n = 24), and spleen (n = 18), totalizing 

134 samples. 

Despite testing 134 biological samples from 47 different wild Brazilian 

felids, no animal was positive to EMCV by the broad-spectrum RT-PCR described herein.  

  

Figure 3. Phylogenetic analysis of partial (150 bp) AstV ORF1b gene. Phylogenetic tree was 

generated in MEGA7 using Neighbor-Joining method with p-distance and bootstrapped with 1,000 

replications. Values under 70% were omitted. Sequence from southern tiger cat clustered closer to 

Chicken Astrovirus. 
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Table 6. Wild felids and their respective target tissues selected for initial EMCV 

screening. 

 A: Adults; Y: Young; FR: Free Raging; HU: kept under human care; BL: Blood; BR: Brain; HE: 

Heart; LU: Lungs; SP: Spleen; LI: Liver 

 

 

 

 

5.4  Rotavirus 

 

A total of 47 wild felids were analyzed, with 58 total RNA extractions 

initially screened for RVA (Table 7). The selected target tissues were oral swab (n = 1), 

rectal swab (n = 14), intestine (n = 23), feces (n = 7), mesenteric lymph node (n = 4), and 

liver (n = 9), totalizing 58 samples. 

 

 

 

Species N 
Males Females Origin Samples (n = 134) 

A Y A Y FR HU BL BR HE LU SP LI 

P. concolor 12 3 2 2 5 10 2 5 6 5 7 4 4 

L. pardalis 19 10 4 3 2 17 2 2 13 13 12 7 12 

L. wiedii 3 2 0 1 0 0 3 3 0 0 0 0 0 

L. guttulus 5 1 1 1 2 4 1 1 3 4 3 3 3 

P. onca 1 0 0 1 0 0 1 1 0 0 0 0 0 

H. 

yagouaroundi 
7 4 2 1 0 6 1 1 3 6 4 4 5 

Total 47 20 9 9 9 37 10 13 25 28 26 18 24 
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Table 7. Wild felids and their respective target tissues selected for initial RVA screening.  

A: Adults; Y: Young; FR: Free Raging; HU: kept under human care; FE: Feces; RS: Rectal swab; 

OS: Oral swab; IN: Intestine; ML: Mesenteric Lymph node; LI: Liver.  

 

 

The positive controls used in this reaction as well as the amplification plots 

of fluorescence intensities (10³, 104 and 106) Ct values ranged between 24.07 and 32.98. 

Of all 58 analyzed samples, one young female cougar small intestine had a Ct = 28.91, 

thus considered positive (1.7%). Regarding tested intestines, it represents an occurrence 

rate of 4.3% (1/23).  

Upon this result, other available tissues of the same animal were tested 

(i.e., trachea, heart, stomach, adrenal gland and submandibular lymph node) under 

identical conditions. The trachea was also considered positive when compared to the 

positive controls and amplification plots, even though it had a higher Ct value (Ct = 34.5) 

(Figure 4). 

Species N 
Males Females Origin Samples (n = 58) 

A Y A Y FR HU FE RS OS IN ML LI 

P. concolor 11 2 2 2 5 9 2 1 4 0 6 1 1 

L. pardalis 18 10 3 3 2 16 2 3 2 0 12 2 4 

L. wiedii 3 2 0 1 0 0 3 0 3 0 0 0 0 

L. guttulus 6 1 1 1 3 5 1 2 2 0 4 0 0 

P. onca 3 2 0 1 0 2 1 0 2 1 0 0 0 

H. 

yagouaroundi 
6 3 2 1 0 5 1 1 1 0 1 1 4 

Total 47 20 8 9 10 37 10 7 14 1 23 4 9 
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Of all 47 wild felids analyzed for RVA detection, one was positive (2.1%). 

Regarding species, 9% of all tested cougars were RVA-PCR positive (1/11), representing 

2.7% (1/37) of all free-living wild felids tested and 3.1% of all roadkill felids (1/32). This 

animal was found in SP127 highway within São Paulo state, close to Piracicaba city. 

Histopathology slides of small intestine were available and upon analysis revealed 

infection by parasites, but further diagnosis was not possible due to autolysis degree. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Amplification plots of intestine (Ct = 28.91) and trachea (Ct = 34.5) from the 

same young female cougar in comparison to the amplification plots of positive controls. 
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6 DISCUSSION 

 

 

 

 

 

Although astrovirus, cardiovirus and rotavirus have been previously 

reported in wild felids (Atkins et al., 2009; Liu et al., 2013; Zhang et al., 2019; Johansson 

et al., 2020), this is the first molecular screening for these infectious agents in American 

species. Four different genera were analyzed, comprising six different species that are 

currently facing populational decrease and at least one (i.e., the southern tiger cat) is 

classified as vulnerable to extinction (IUCN, 2024). In the present study, rectal swab of 

one specimen of this vulnerable cat was positive for AstV, representing 2.1% of all tested 

animals (1/48). This is a low occurrence rate when compared to AstV detected in domestic 

cat feces worldwide: 32.8% (40/122) in United States, 23.4% (46/197) in China, 21.1% 

(43/204) in Japan, 7.3% (4/55) in Portugal and 4.8% (11/228) in Australia (Marshall et 

al., 1987; Ng et al., 2014; Lawler et al., 2018; Yi et al., 2018; Soma et al., 2020). Most of 

these reports identified FeAstV strains that were very divergent from the retrieved 

sequence reported herein, which clustered within Avastrovirus genera on the phylogram. 

Furthermore, this sequence was not similar to any FeAstV previously detected, whether 

in domestic or wild felids (Atkins et al., 2009; Zhang et al., 2019; Van Brussel et al., 

2020). 

 This is not the first time an Avastrovirus has been identified in a 

mammalian host, as previously reported in domestic cats, minks, and raccoon dogs (Sun 

et al., 2014; Lawler et al., 2018; Chae et al., 2023). Considering that all those mentioned 

species are carnivores, the infection with Avastrovirus was potentially related to ingestion 

of an infected prey or contaminated food of avian origin (Sun et al., 2014; Lawler et al., 

2018). In our study, apart from rectal swab, all other biological samples from the southern 

tiger cat were AstV negative, suggesting ingestion of contaminated/infected prey rather 

than a systemic infection. The same has been proposed by Chae et al. (2023) with raccoon 

dogs (Nyctereutes procyonoides) in South Korea, as they identified different AstV strains 

within the same host, each in different tissues; AstV isolated from brain were more closely 

related to Canine Astroviruses, while sequences retrieved from intestine samples were 

more similar to Chicken Astrovirus. The sequence from our report shared 87.07% 

nucleotide identity with Chicken Astrovirus isolated from raccoon dogs’ intestines 

(GenBank Accession Number OR043647). On a similar note, Chicken Astrovirus has 
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also been detected in feces of minks presenting gastroenteritis in China (Sun et al., 2014), 

and their genomic sequence (GenBank Accession Number KJ729960) shared 81.42% 

nucleotide identity with the sequence retrieved in this study. Those minks were fed with 

chicken, which was considered the potential source of infection that resulted in 

gastroenteric clinical manifestations (Sun et al., 2014). In our case, the adult southern 

tiger cat was considered healthy upon clinical examination, not presenting any signs 

potentially related to AstV infection. Indeed, diarrhea associated with AstV is not 

commonly reported in this age class, regardless of species (Pérot, Lecuit & Eloit, 2017). 

Additional tissues were analyzed in this project based on previous detections on 

extraintestinal sites (i.e., brain, intestine, mesenteric lymph node and feces) in wild 

carnivores (Alves et al., 2018; Chae et al., 2023), but no positivity was detected apart 

from the rectal swab. 

In this study, we retrieved a 150 bp sequence of AstV ORF1b gene that 

was separated into a monophyletic branch within Avastrovirus genera with 97 bootstrap 

value in our phylogram. According to ICTV, the classification of novel AstV is based on 

phylogenetic analysis of gene ORF2 (Wang et al., 2020). However, ORF1b (RdRp) is 

considered the most conserved gene of AstV, thus, more recommended as a target for pan 

AstV protocols (Atkins et al., 2009; Rivera et al., 2010), as performed herein. Considering 

we analyzed a small fragment of a very conserved gene, the similarities of our retrieved 

sequence to closest AstV sequences available in GenBank were considered low (90.48%). 

These findings suggest the retrieved sequence may represent a novel astrovirus species. 

Astroviruses have low host species fidelity and high mutation rates, enabling rapid 

evolution that allows interspecific transmission (Sun et al., 2014; Lawler et al., 2018), a 

possibility that cannot be ruled out in this study. Our findings warrant further knowledge 

on AstV by reporting a potential novel AstV as well as widening the host range of this 

RNA virus, with its detection on a vulnerable South American wild felid. Further 

molecular characterization of whole genome would help solve whether this is an AstV 

infecting the wild felid or its prey. 

Despite screening six different species of wild felids and tissue types, 

testing a total of 134 samples, and representing four different Brazilian biomes (i.e., 

Amazon Forest, Atlantic Forest, Caatinga and Cerrado), cardiovirus RNA was not 

detected. Those findings could indicate a low occurrence of this virus in this group of 

carnivores or even an inefficiency of the established diagnostic protocol. However, the 

positive controls provided were accordingly detected and sequenced, validating the 
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selected protocol, which was used in most of the previous detections (Gris et al., 2023). 

Furthermore, the selected tissues for EMCV screening in this project were in accordance 

with the virus pathogeny, which allegedly has a vascular endothelial tropism and may be 

disseminated systematically through the actions of macrophages (Lipton, Kumar & 

Hertzler, 2007; Foglia et al., 2023). Nevertheless, other reports have molecularly 

identified EMCV-RNA in EDTA blood, brain, heart, lung, liver, and spleen of different 

animal species (Reddacliff et al., 1997; Wang et al., 2012; Liu et al., 2013; Cardeti et al., 

2016; O’Connor et al., 2020; Romey et al., 2021; Gris et al., 2023). Therefore, it is more 

likely that this is rather a low occurrence virus amongst the tested wild felids than an 

inefficient diagnostic protocol. Most of previous EMCV reports in wildlife included 

animals kept at facilities with a previous history of rodent infections (Canelli et al., 2010; 

Cardetti et al., 2016; O’Connor et al., 2020), and, in contrast, our sampling of free-raging 

animals (40/50) was higher than zoo animals (10/50). Furthermore, EMCV is a lithic rapid 

virus that generally do not persist in hosts, inducing sudden death (Canelli et al., 2010; 

Carocci & Bakkali-Kassimi, 2012; Liu et al., 2013; Cardetti et al., 2016). Considering 

that all sampled zoo wild felids in this project were alive and healthy, the detection of 

EMCV-RNA was not expected (Reddacliff et al., 1997). Additionally, this virus has not 

yet been reported in other species of free-ranging animals apart from rodents and wild 

boars (Billinis, 2009; Ao, Xu & Duan, 2022; Foglia et al., 2023), which is in accordance 

with our findings. 

Despite not being detected in American wild felids in the present study, it 

is known EMCV can infect wild Asian species, as it has been fatally reported in tigers 

(Liu et al., 2013; Ao, Xu & Duan, 2022). Serologic surveys were already performed in 

healthy caracal (Caracal caracal), lion, jaguar, and tiger, with positive results only in lion 

(Reddacliff et al., 1997). Consequently, there is limited knowledge on EMCV 

epidemiology in felids, evidencing a further need for molecular screening of this 

infectious pathogen, particularly within areas where EMCV has been identified 

previously, including Brazil and South America (Oberste et al., 2009; Czechowicz et al., 

2011; Gris et al., 2023). Despite our negative results, we reinforce that EMCV should be 

considered as a differential diagnosis of fatal myocarditis in wildlife, especially 

mammalian species in zoos (Romey et al., 2021). 

Regarding RVA, this study characterizes the first detection in a wild felid 

species from America. Samples of trachea and small intestine of one young female cougar 

were positive in this project, representing a lower RVA occurrence (2.1%) than those 
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reported on healthy domestic cat feces: 12.7% (7/55) in Portugal and 84% (32/38) in 

Brazilian Amazon (Ng et al., 2014; de Barros et al., 2018). RVA have been reported in 

other wild carnivores (i.e., raccoons, badgers, coyotes, civets, red foxes, skunks, wild 

dogs and bears); however genotyping constellation was not performed (Alarcón, Liotta 

& Miño, 2022). Only partial genotyping of RVA detected in rectal swabs from free-

ranging snow leopards was performed (Johansson et al., 2020). However, authors 

mentioned there was a lack of available RVA sequences from wild felids to compare their 

newfound partial genotype (Johansson et al., 2020), highlighting the need for RVA 

molecular screening in other wild felids species as performed herein. Most domestic cats 

RVA are classified as combinations of genotypes G3P[3] or G3P[9] with evidences of 

possible recombination events involving other host species (Ghosh & Kobayashi, 2014). 

Reassortment and recombination events are frequent amongst RNA viruses and may 

result in novel genotypes that can be transmitted to new host species with unpredictable 

results (Alarcón, Liotta & Miño, 2022). Ongoing studies will determine the genotype 

constellation of the RVA detected in the cougar’s small intestine and trachea. 

The detection of RVA RNA in small intestine is in accordance with the 

virus known pathogeny, which infects mainly intestinal enterocytes (Dian et al., 2021). 

However, RVA has already been detected in extraintestinal tissues from children and 

other animal species, such as pigs and rats (Lynch et al., 2003; Crawford et al., 2006). It 

is suggested that RVA can be detected in any tissue with blood supply, since it can be 

transported through vascular system to more distant organs and potentially result in 

systemic clinical manifestation (e.g., fever) (Lynch et al., 2003; Dian et al., 2021; 

Gutiérrez et al., 2021). In this project, RVA was detected not only in small intestine but 

also in the trachea of the same individual. Similar reports found RVA-RNA in 

oropharyngeal and tracheal aspirates of humans with respiratory symptoms (Zhaori et al., 

1991; Zheng et al., 1991; Taboada et al., 2014; Madi et al., 2018; Thi Kha Tu et al., 2020). 

Additionally, RVA-RNA was detected in the respiratory tract of children with acute 

gastroenteritis (Satter et al., 2024). It is suggested that gastroenteritis caused by RVA 

exacerbates peristaltic movements in the small intestine and may result in refluxes, 

explaining the RVA detection in respiratory tract of these children (Satter et al., 2024). 

On the other hand, RVA replication in respiratory tract has also been suggested (Crawford 

et al., 2006; Satter et al., 2024). Even though RVA was detected in both gastrointestinal 

and respiratory tracts of the same animal, it is not possible to confirm or reject these 

hypotheses. The positive cougar of this project was a roadkill animal; thus, post-mortem 
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contamination of trachea is a possibility, particularly as the Ct values were high (Ct = 

34.5). Histopathological examinations, apart from the detection of parasites in the small 

intestine, did not offer more valuable information due to the advanced state of autolysis 

of the material. Nevertheless, future studies investigating the pathogenicity of RVA in 

wild felids are warranted.  
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7 FINAL CONSIDERATIONS 

 

 

  This is the first molecular screening of AstV, EMCV and RVA in wild 

felids species from the New World. Furthermore, it characterizes the first molecular 

detection of AstV and RVA in these species. Although their pathogenicity remains to be 

investigated, it is important to record that these viruses are circulating in wild Brazilian 

felids, especially considering that one of the positive animals was a free-ranging 

individual. Ongoing studies will further characterize the constellation genotype of the 

detected RVA to confirm whether it is a feline related genotype or a potential novel one. 

  In addition, a vulnerable species (the southern tiger cat) was positive for a 

potential novel AstV species. Therefore, continuous monitoring of AstV as well as 

research on their pathogenicity in these species are important, mostly in animals under 

human care, since they are susceptible to stress and may develop unknown clinical 

manifestations.  

  Finally, although yielding negative results, to our knowledge, EMCV was 

screened for the first time in Brazilian wild felids. It might be that this virus has a low 

circulation amongst wild felids in Brazil, but further studies with greater sampling will 

be necessary to confirm it. 

 

This study was financed in part by the Coordenação de Aperfeiçoamento de Pessoal de 

Nível Superior – Brasil (CAPES) – Finance Code 001. 
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APPENDIX 1 

 

ID SPECIES AGE GENDER ORIGIN SAMPLES 

MC4890 Puma concolor Adult M 
Salto de 

Pirapora (SP) 
Blood 

MC9440 Leopardus pardalis Adult M Zoo Blood, swab (oral, nasal, rectal) 

MC3794 Leopardus wiedii Adult F Zoo 
Blood, swab (oral, nasal, rectal, 

vaginal) 

MC4769 Leopardus pardalis Adult F Zoo 
Blood, swab (oral, nasal, rectal, 

vaginal) 

MC4566 Leopardus guttulus Adult F 
Araçoiaba da 

Serra (SP) 

Blood, swab (oral, rectal, 

vaginal) 

MC9574 Puma concolor Adult M Zoo Blood, swab (oral, nasal, rectal) 

MC2557 Leopardus wiedii Adult M Zoo Blood, swab (oral, nasal, rectal) 

MC3910 Leopardus wiedii Adult M Zoo Blood 

MC8105 Puma concolor Young F Zoo 
Blood, swab (oral, nasal, rectal, 

vaginal) 

RN272.823 Leopardus guttulus Cub F Botucatu (SP) Swab (oral, rectal, vaginal) 

bPon543 Panthera onca Adult M PNSC (PI) Oral swab 

VIT Panthera onca Adult F Zoo 
Blood, swab (oral, nasal, rectal, 

vaginal) 

MC3490 
Herpailurus 

yagouaroundi 
Adult F Zoo 

Blood, swab (oral, nasal, rectal, 

vaginal) 

BAN Puma concolor Young F 
Botucatu  

(SP) 

Blood, swab (oral, nasal, rectal, 

vaginal) 

MEI Puma concolor Young F 
ReBio Gurupi 

(MA) 

Blood, swab (oral, nasal, rectal, 

vaginal) 

bPon547 Panthera onca Adult M 
ReBio Gurupi 

(MA) 
Rectal swab 

CS-001 Leopardus pardalis Adult M 
Caraguatatuba 

(SP) 

Nasal swab, brain, heart, lung, 

liver, spleen, submandibular 

lymph node, kidney, intestine, 

feces, skeletal muscle, tonsils 

CS-002 Leopardus pardalis Young F 
Paraibuna 

(SP) 

Nasal swab, brain, heart, lung, 

liver, spleen, mesenteric lymph 

node, kidney, intestine, feces, 

skeletal muscle, tonsils 
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CS-009 Puma concolor Young M 
Cajati  

(SP) 

Nasal swab, brain, heart, lung, 

liver, spleen, mesenteric lymph 

node, kidney, intestine, feces, 

skeletal muscle, tonsils 

CS-012 Leopardus guttulus Young F 
Caraguatatuba 

(SP) 

Brain, heart, lung, liver, spleen, 

mesenteric lymph node, kidney, 

intestine, feces, skeletal muscle 

CS-014 
Herpailurus 

yagouaroundi 
Adult M 

Paraibuna 

(SP) 

Brain, heart, lung, liver, spleen, 

mesenteric lymph node, kidney, 

intestine, feces, skeletal muscle 

CS-016 Leopardus guttulus Adult M 
Caraguatatuba 

(SP) 

Brain, heart, lung, liver, spleen, 

mesenteric lymph node, kidney, 

intestine, feces, skeletal muscle 

CS-018 Puma concolor Adult F 
Corumbataí 

(SP) 

Brain, heart, lung, liver, spleen, 

mesenteric lymph node, kidney, 

intestine, feces, skeletal 

muscle, tonsils 

CS-019 Leopardus pardalis Adult M 
Caraguatatuba 

(SP) 

  Brain, heart, lung, liver, 

spleen, mesenteric lymph node, 

kidney, intestine, feces, skeletal 

muscle, tonsils 

CS-025 Leopardus pardalis Adult M 

Duque de 

Caxias  

(RJ) 

Brain, heart, lung, liver, spleen, 

mesenteric lymph node, kidney, 

intestine, feces, skeletal 

muscle, tonsils 

CS-026 Leopardus pardalis Young M 

Duque de 

Caxias  

(RJ) 

Brain, heart, lung, liver, spleen, 

mesenteric lymph node, kidney, 

intestine, feces, skeletal 

muscle, tonsils 

CS-027 Leopardus pardalis Adult F 

Duque de 

Caxias  

(RJ) 

Brain, heart, lung, liver, spleen, 

mesenteric lymph node, kidney, 

intestine, feces, skeletal 

muscle, tonsils 

CS-031 Puma concolor Adult F 

São Miguel 

do Arcanjo  

(SP) 

Brain, heart, lung, liver, spleen, 

mesenteric lymph node, kidney, 

intestine, feces, skeletal 

muscle, tonsils 

RK-032 Leopardus pardalis Young M 
Paraibuna 

(SP) 

Heart, liver, spleen, mesenteric 

lymph node, kidney, intestine, 

feces 
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RK-034 Puma concolor Adult M 
Caraguatatuba 

(SP) 

Brain, heart, lung, spleen, 

mesenteric lymph node, kidney, 

intestine 

RK-039 Leopardus guttulus Young F 
Caraguatatuba 

(SP) 

Heart, lung, spleen, mesenteric 

lymph node, kidney, intestine 

RK-042 Puma concolor Young F 
Piracicaba 

(SP) 
Heart, lung, intestine 

RK-062 
Herpailurus 

yagouaroundi 
Young M 

Jambeiro  

(SP) 

Brain, heart, liver, mesenteric 

lymph node 

RK-066 Leopardus pardalis Adult M 
Caraguatatuba 

(SP) 

Brain, lung, liver, mesenteric 

lymph node, kidney 

RK-067 Leopardus pardalis Young M Miracatu (SP) Brain, heart 

RK-088 
Herpailurus 

yagouaroundi 
Adult M 

Atibaia  

(SP) 

Heart, lung, liver, spleen, and 

kidney 

RK-089 
Herpailurus 

yagouaroundi 
Young M 

Atibaia  

(SP) 

Heart, lung, liver, spleen, 

kidney 

RK-104 
Herpailurus 

yagouaroundi 
Adult M 

Atibaia  

(SP) 
Heart 

RK-175 Leopardus pardalis Adult F 
Caraguatatuba 

(SP) 
Brain, heart, lung, liver, kidney,  

RK-205 
Herpailurus 

yagouaroundi 
Adult M 

Paraibuna 

(SP) 

Brain, heart, lung, liver, spleen, 

kidney 

RK-206 Puma concolor Young F 
Registro  

(SP) 

Brain, lung, liver, mesenteric 

lymph node, kidney 

RK-263 Leopardus pardalis Young M 
Ipaussu  

(SP) 

Brain, heart, lung, liver, 

mesenteric lymph node, kidney  

RK-273 Leopardus pardalis Young F 

Barra do 

Turvo  

(SP) 

Brain, heart, lung, mesenteric 

lymph node, kidney, intestine 

RK-276 Leopardus pardalis Adult M Cajati (SP) Brain, lung, intestine 

RK-278 Leopardus pardalis Adult M 

Barra do 

Turvo  

(SP) 

Brain, heart, lung, liver, spleen, 

mesenteric lymph node, kidney, 

intestine 

RK-280 Puma concolor Young M 
Cajati  

(SP) 
Brain, lung, spleen, intestine 

RK-303 Leopardus guttulus Young M 
Paraibuna 

(SP) 

Brain, heart, liver, mesenteric 

lymph node, kidney, intestine 

RK-310 Leopardus pardalis Adult M 
Caraguatatuba 

(SP) 
Liver 



71 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RK-400 Leopardus pardalis Adult M 
Paraibuna 

(SP) 

Brain, heart, lung, liver, 

mesenteric lymph node, kidney, 

intestine 

RK-414 Leopardus pardalis Adult M 
Paraibuna 

(SP) 

Heart, kidney, intestine, 

skeletal muscle  
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