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RESUMO.- [Raiva em um jaguarundi (Herpailurus 
yagouaroundi) de vida livre no Nordeste do Brasil.] A raiva 
é uma doença viral fatal que afeta animais e o homem, estando 
disseminada entre os sistemas ecológicos nacionais. Descrevem-
se os achados anatomopatológicos e imuno-histoquímicos de 
um caso de raiva em um jaguarundi (Herpailurus yagouaroundi), 
encontrado em área peridomiciliar rural, após apresentar 
agressividade e ataque a dois animais. Microscopicamente, 
observou-se meningoencefalite linfoplasmocítica associada 
a corpúsculos de inclusão intracitoplasmáticos eosinofílicos 

em neurônios, gliose e neuronofagia. O diagnóstico de raiva 
foi estabelecido pelos achados patológicos e confirmado 
por imuno-histoquímica e qPCR. A ocorrência de raiva em 
felinos silvestres do gênero Puma só foi descrita por meio de 
exames sorológicos. Os achados patológicos são essenciais 
para o diagnóstico e elucidação da participação desta espécie 
no ciclo silvestre da doença, bem como na manutenção e 
conservação do equilíbrio da fauna silvestre.

TERMOS DE INDEXAÇÃO: Encefalite viral, Lyssavirus, zoonoses, 
Herpailurus yagouaroundi, jaguarundi, felídeos silvestres.
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Rabies is a fatal viral disease that affects animals and humans and is widespread among 
national ecological systems. We describe the anatomopathological and immunohistochemical 
findings of a case of rabies in a jaguarundi (Herpailurus yagouaroundi) found in a rural peri-
domestic area after showing aggression and attacking two animals. Histopathology of brain 
tissue showed lymphoplasmacytic meningoencephalitis associated with intracytoplasmic 
eosinophilic inclusion bodies in neurons, gliosis and neuronophagia. The diagnosis of rabies 
was based on the lesions and confirmed by immunohistochemistry and qPCR. In Brazil, rabies 
in wild felines of the genus Puma has only been described in animals through serological 
examinations. The pathological findings are essential for the diagnosis and elucidation of the 
participation of this species in the wild cycle of the disease, as well as in the maintenance 
and conservation of the balance of wild fauna.
INDEX TERMS: Viral encephalitis, Lyssavirus, zoonosis, Herpailurus yagouaroundi, jaguarundi, wild felids.
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INTRODUCTION
The genus Herpailurus was proposed by Nikolai Severtzov in 
1858, and further, many authors classified the jaguarundi into 
the genus Felis and Puma. Afterward, the phylogeographic 
analysis of jaguarundi samples evidenced no subspecies and 
Herpailurus genus is recommended (Kitchener et al. 2017).

Herpailurus yagouaroundi is the second most widely 
distributed carnivore in the Americas; however, it is considered 
vulnerable to extinction in Brazil, according to the Red Book 
of Brazilian Fauna Threatened with Extinction (ICMBio 2018). 
Wild feline species have gradually increased contact with 
humans. This interaction can result in possible spillovers or 
sharing of various pathogens, participating in the cycle of 
various zoonoses (Celeste & Bezerra 2020).

Rabies is a zoonotic, acute infectious and fatal disease 
caused by Lyssavirus rabies, an enveloped RNA virus of the 
order Mononegavirales, family Rhabdoviridae and genus 
Lyssavirus (Lemos & Riet-Correa 2023). All mammal species 
can be affected by this virus, with a variety of clinical signs 
that generally progress acutely and progress to death (Batista 
et al. 2007, Brasil 2020b).

In the Northeastern region of Brazil, among wild canids, 
crab-eating fox (Cerdocyon thous) is considered the main 
reservoir of the rabies virus (Brasil 2021b). However, rabies 
has been described as affecting vampires (Desmodus rotundus) 
(Carneiro et al. 2010) and insectivorous (Molossus molossus) 
bats (Araújo et al. 2014b), marmosets (Callithrix jacchus) 
(Favoretto el al. 2001), as well as several domestic animal 
species (Lemos & Riet-Correa 2023).

Although serological studies have already demonstrated 
exposure to the rabies virus in wild felines in Brazil (Onuma 
et al. 2016), to date, there is no description of the disease 
with clinical manifestation, anatomopathological and 
immunohistochemical findings in H. yagouaroundi. We describe 
a case of rabies in a jaguarundi in the semi-arid region of 
Paraíba, northeastern Brazil.

CASE REPORT
A rural producer reported a male jaguarundi (Herpailurus 
yagouaroundi) with neurological symptoms as aggressiveness 
and attempted attack on two horses on a rural property in 
the municipality of São Mamede, Paraíba, Brazil (06o55’36” 
S 37o05’44” W). The jaguarundi (Fig.1) died after suffering 
head trauma caused by the attacked horses.

At necropsy, focally extensive areas of hemorrhage were 
seen in the submandibular and cranial regions, associated 
with parietal bone fracture. The brain was diffusely red, with 
a subarachnoid hemorrhage in the left hemisphere. Samples 
of organs from the thoracic and abdominal cavities and the 
central nervous system were fixed in 10% buffered formalin, 
routinely processed, embedded in paraffin and cut into 3µm 
sections. Sections were stained with hematoxylin and eosin 
(HE). Histopathological evaluation of the brain revealed 
lymphoplasmacytic meningoencephalitis, characterized by 
multifocal areas of discrete mononuclear inflammatory infiltrate 
perivascular composed of plasma cells and lymphocytes 
(perivascular cuffing) (Fig.2), associated with mild gliosis and 
neuronophagia. The inflammation affected the hippocampus, 
thalamus, fourth ventricle and rostral colliculus. In the occipital 
lobe, thalamus, rostral and caudal colliculus, fourth ventricle 

and Purkinje neurons of the cerebellum revealed single or 
multiple ovoid, eosinophilic intracytoplasmic inclusions 
in neurons (Negri bodies) (Fig.3). The leptomeninges had 
discrete mononuclear inflammatory infiltrate.

For immunohistochemistry (IHC), hippocampal fragments 
were used in paraffin blocks, cut in positive charge slides. After 
deparaffinization and rehydration of the tissues, antigen retrieval 
was performed with a citrate solution (pH 6.0) in a microwave 
oven, at maximum power, for 10 minutes. The primary antibody 
used was polyclonal for rabies produced in goats labeled 
with FITC (fluorescence isothiocyanate conjugate antibody 
– Chemicon #5199)8, diluted 1:1000 in phosphate-buffered 
saline (PBST) with Tween® 20 (Sigma P2287)9, and incubated 
for 60 min at 37Co. The biotinylated secondary antibody and the 
streptavidin-biotin-peroxidase complex (LSAB+System HRP)3 
were used consecutively, incubated at room temperature for 
30 min and labeled by adding DAB + Substrate – Chromogen 
System10 and counterstained with Harris hematoxylin. As a 
positive control, histological sections from confirmed cases 
of rabies in cattle were used. The same sections were used as 
a negative control, replacing the primary antibody with PBST. 
IHC with the polyclonal antibody for rabies revealed marked 
immunostaining demonstrating multiple aggregates of brownish 
granules in the form of large, single or multiple corpuscles in 
the cytoplasm of hippocampal neurons (Fig.4). The horses 
attacked by the jaguarundi did not show clinical neurological 
manifestations 30 days after the attack. Quantitative real-time 
PCR, as per Hayman et al. (2011), resulted positive for a pool 
of central nervous system, but attempts to produce Sanger 
sequences from this sample failed.

DISCUSSION AND CONCLUSION
The diagnosis of rabies was established according 
to anatomopathological findings and confirmed by 
immunohistochemistry. In Brazil, rabies in acute, fatal and classic 
forms or even serological diagnosis has already been reported 
in different wild species such as vampire (Desmodus rotundus) 
(Carneiro et al. 2010) and insectivores (Molossus molossus) 
bats (Araújo et al. 2014b), crab-eating fox (Cerdocyon thous) 
(Araújo et al. 2014a), common marmoset (Callithrix jacchus), 
raccoon (Procyon cancrivorus), opossum (Didelphis aurita), 
capuchin monkey (Cebus apella), coati (Nasua nasua), capybaras 
(Hydrochaerus hydrochaeris), tapirs (Tapirus terrestris) (Pereira 
et al. 2022), pumas (Puma concolor) and ocelots (Leopardus 
pardalis) (Favoretto et al. 2001, Araújo et al. 2014a, Araujo et 
al. 2014, Antunes et al. 2017, Rocha et al. 2017).

Wild felids such as jaguars, ocelots, pumas and Pampas cats 
exposed to the rabies virus were identified with antibodies 
through serological tests (Jorge et al. 2010, Furtado et al. 2013). 
In a study with four Puma concolor that attacked humans and 
domestic animals, the rabies virus was identified through 
fluorescent antibody test (FAT), IHC and RT-PCR (Garcés-Ayala et 
al. 2022). However, this seems to be the first report describing 
clinical neurological manifestation and anatomopathological 
and immunohistochemical findings of rabies in wild felids of 
both genus, including Puma and Herpailurus in Brazil.

8	  Chemicon International Inc. Temecula/CA, USA. 
9	  Sigma-Aldrich Corp. St. Louis/MO, USA. 
10	  Dako Cytomation. Carpinteria/CA, USA.
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The neurological manifestation of aggressiveness described 
in this H. yagouaroundi is characteristic of the furious form 
that commonly affects carnivores, including domestic cats. It 
presents with behavioral changes, hyperesthesia, hyperreflexia, 
salivation, tremors, ataxia and paralysis (Greene 2015, Müller 
& Freuling 2020, Lima et al. 2023, Slathia et al. 2023). Although 
the animal died due to traumatic brain injury resulting from 
the defense by the attacked horses, not spontaneously, the 
abnormal behavior of the jaguarundi when attacking domestic 
animals is similar to that of the jaguar that attacked horses, 
cattle, dogs and humans and later was captured and diagnosed 
with rabies (Garcés-Ayala et al. 2022). Slathia et al. (2023) 
state that wild animals with nocturnal habits, when infected 
by the rabies virus, can be seen during the day and lose their 
fear of humans and other animals, and may attack them.

In Brazil, rabies has changed its epidemiological profile 
in recent decades; since 2015, there has been no record of 
human rabies due to canine variants (AgV1 and AgV2), with 
the bat variant (AgV3) being the main determinant of human 
rabies cases and in others animals (Brasil 2020b). This 
relationship reinforces the virus’s ability to spread between 
different species of mammals (Brasil 2021a). The sylvatic 
cycle is maintained in a wide variety of mammalian hosts, 
and the epidemiological chain of rabies in Brazil includes 
Carnivora and Chiroptera as the main reservoirs (Rocha et 

al. 2017). AgV2* (wild canids/foxes) warn of the existence of 
the virus circulating through wild variants in rural areas of 
Paraíba, a situation that may be common among wild species 
in the region (Brasil 2020a).

The occurrence of rabies in H. yagouaroundi has great 
epidemiological importance, especially in the sylvatic cycle of 
rabies, acting, together with wild canids, primates and bats, 
in the transmission of the rabies virus (Rocha et al. 2017), 
enabling spillover to other wildlife and humans (Messenger 
et al. 2002, Antunes et al. 2017).

Studies with wild animals serologically positive for rabies 
indicate protective levels of antibodies or exposure to the 
virus. However, it is not clear how the animals come into 
contact, although predation may be the most likely route 
(Antunes et al. 2017). Although pumas are not considered 
rabies reservoirs (Garcés-Ayala et al. 2022) and there are 
no reports of human rabies through direct contact with wild 
felids, these are considered predators due to their hunting 
habits and are more likely to be infected with a rabies virus 
originating from bats (Lima et al. 2023), becoming a potential 
secondary transmitter.

Histologically, the non-suppurative meningoencephalitis 
associated with intracytoplasmic inclusion bodies in neurons 
(Negri bodies) mainly affecting the brain, brainstem and 
cerebellum observed in this case are similar to those described 
in wild carnivores with neurological symptoms characterized by 
changes in behavior and aggressiveness related to dysfunctions 
of prosencephalon (Frymus et al. 2009, Araújo et al. 2014b, 
Church et al. 2018).

Rabies control in Brazil is carried out based on the vaccination 
of domestic animals such as canines, felines and herbivores, 
not including free-ranging wild animals (Brasil 2009, 2021a, 
2021b). Some countries such as the USA, Canada, France, 
Germany and the European Union carry out rabies vaccination 
in wild animals using oral anti-rabies vaccine introduced into 
bait (Fornazari & Langoni 2014, Robardet et al. 2019).

The diagnosis of rabies in a jaguarundi (H. yagouaroundi) 
with clinical neurological manifestation, confirmed by 
anatomopathological and immunohistochemical exams, 
demonstrates the occurrence of this disease in wild felines in 
Brazil. The diagnosis of rabies in wild animals is essential to 
establish parameters of the wild cycle, aiming to avoid possible 

Fig.1. Carcass of a jaguarundi (Herpailurus yagouaroundi) diagnosed 
with rabies.

Fig.2. Rabies in Herpailurus yagouaroundi. Brain, multifocal areas of discrete mononuclear inflammatory infiltrate consisting of plasma 
cells and lymphocytes (perivascular cuffs) are observed in the fourth ventricle. HE, bar = 20µm.

Fig.3. Cerebellum, ovoid and eosinophilic intracytoplasmic inclusion are observed in neurons (Negri bodies) in Purkinje neurons (arrows). 
HE, bar = 10µm.

Fig.4. Hippocampus marked immunostaining with large, single or multiple corpuscles in the cytoplasm of neurons. IHQ-DAB, bar = 20µm.
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interspecies and zoonotic transmission, as well as evaluating 
control strategies through the implementation of programs that 
use oral vaccination in wild animals, aiming to control rabies 
in Brazilian territory. Monitoring wild animal populations is 
relevant for rabies surveillance in order to promote means of 
conserving the species through a transdisciplinary approach 
combined with a “One Health” model.
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