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Rabies in pigs: Clinical report and diagnostic 
challenges

Case StudyPeer reviewed

Resumen - Rabia en cerdos: Reporte 
clínico y desafíos diagnósticos

Este artículo reporta la ocurrencia de la 
rabia porcina en Brasil y discute las difi-
cultades del diagnóstico clínico y de lab-
oratorio en esta especie. Dos cerdos de 
diferentes granjas fueron diagnosticados 
con rabia, éstos habían sido criados en 
una zona donde el ganado había muerto 
previamente a causa de la enferme-
dad. Los cerdos afectados presentaban 
parálisis de las extremidades traseras, 
decúbito lateral y movimientos de pata-
leo. El examen histológico del cerebro 
reveló encefalitis linfoplasmocítica, 
aunque faltaban las inclusiones intraci-
toplasmáticas. La inmunohistoquímica 
reveló una tinción intensa del antígeno 
de la rabia en las neuronas del tronco 
encefálico, se observó una inmunorreac-
tividad moderada en el cerebro y ausente 
en el cerebelo. La inmunohistoquímica 
fue efectiva en el diagnóstico definitivo 
de encefalitis por rabia en cerdos.

Sandra D. Traverso, Claudia S. Wisser, Wagner Consoni, Camila M. Conti, José Cristani, Aldo Gava

Abstract
This paper reports the occurrence of 
swine rabies in Brazil and discusses the 
difficulties of clinical and laboratory 
diagnosis in this species. Two pigs from 
different farms, were diagnosed with 
rabies and were raised where cattle had 
previously died from the disease. Affect-
ed pigs had hindlimb paralysis, lateral 
recumbency, and paddling movements. 
Histological examination of the brain 
revealed lymphoplasmacytic encephali-
tis, although intracytoplasmic inclusions 
were lacking. Immunohistochemistry 
revealed intense staining of rabies an-
tigen in brainstem neurons, moderate 
immunoreactivity was observed in the 
cerebrum, and was absent in the cer-
ebellum. Immunohistochemistry was 
effective in the definitive diagnosis of 
rabies encephalitis in swine.
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Résumé – La rage chez les porcs: Rap-
port de cas et défis diagnostiques

Cet article rapporte l’occurrence de 
rage porcine au Brésil et mentionne 
les difficultés associées au diagnostic 
clinique et de laboratoire chez cette es-
pèce. Deux porcs provenant de fermes 
différentes ont été diagnostiqués avec 
la rage et avaient été élevés à l’endroit 
où des bovins étaient auparavant décé-
dés de cette maladie. Les porcs affectés 
présentaient une paralysie des membres 
postérieurs, un décubitus latéral et des 
mouvements de pédalage. L’examen 
histologique du cerveau a révélé une 
encéphalite lymphoplasmocytaire, bien 
que des inclusions intracytoplasmiques 
étaient absentes. Un examen par immu-
nohistochimie a montré une coloration 
intense d’antigènes rabiques dans les 
neurones du tronc cérébral, une im-
munoréactivité modérée était observée 
dans le cerveau et était absente dans 
le cervelet. L’immunohistochimie a été 
utile pour établir le diagnostic définitif 
d’encéphalite rabique chez le porc.

Rabies is an acute viral disease 
caused by an RNA virus in the 
family Rhabdoviridae, which af-

fects the central nervous system (CNS) 
causing encephalitis and death in all 
warm-blooded animals, including hu-
mans.1 However, the diagnosis of rabies 
in pigs is less frequently encountered. 
A rabies retrospective study in Brazil 
showed that of 739 confirmed positive 
rabies samples, only 2 were from pigs.2 

A similar trend was observed in other 
parts of the world. In a US study exam-
ining rabies in domestic and wild ani-
mals, only 1 of 39 diagnosed cases was 
in swine.3 In Canada, several diagnostic 
laboratories observed that the percent-
age of swine rabies ranged from 0.1% to 
1.1% for all cases with positive diagnoses 
of the disease.4 Only 13 of 814 (2%) ra-
bies cases reported in Bhutan over a 14-
year period were in pigs.1 In Australia, 

a study was carried out with 252 brain 
samples from animals submitted for 
routine rabies diagnosis between April 
and November 2000, but none of them 
were from pigs.5

Because it is rarely observed in pigs, ra-
bies has little economic significance in 
swine farming and is less commonly ex-
plored as a differential diagnosis related 
to porcine viral encephalitis. It is also a 
public health problem due to the risk of 
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human exposure, therefore it is essen-
tial to understand the dynamics of the 
disease in swine. This study aimed to re-
port the diagnosis of rabies in pigs from 
2 different farms in Brazil and provide 
diagnosis information, indicating that 
rabies should always be considered a dif-
ferential when diagnosing neurological 
diseases in swine, especially in endemic 
areas.

Case description
An autonomous veterinarian was called 
to the southern region of Brazil, in the 
municipalities of Veranópolis/RS (case 1) 
and Vidal Ramos/SC (case 2), in Febru-
ary 2009 and January 2013, respectively 
to examine pigs exhibiting CNS clini-
cal signs. Both farms were primarily 
involved with dairy production and the 
affected pigs were raised for meat con-
sumption and were the only swine on 
each farm. Southern Brazil is considered 
free of furious rabies (urban cycle) and 
classical swine fever (CSF). The country 
is free of porcine reproductive and re-
spiratory syndrome virus and African 
swine fever (ASF).

The pig from case 1 was a barrow, about 
one year old from a commercial breed, 
that was housed with 2 calves. The farm 
did not vaccinate any animals against 
rabies, and there was evidence of bat 
exposure and bites observed in one calf 
and the pig. In the same week that the 
pig became ill, the State’s Official Health 
Defence Service confirmed rabies in the 
suspected calf housed with the pig. The 
pig from case 2 was a gilt, approximately 
five months old from a Brazilian autoch-
thonous breed (cross between Piau and 
Moura). The cattle located on this farm 
were prophylactically vaccinated for ra-
bies and only the affected pig, that was 
not vaccinated, had neurological clinical 
signs. Neighboring farms also had cases 
of cattle rabies that had been diagnosed 
3 weeks before the pig on the affected 
farm became ill. No bats (Desmodum 
rotundus) from any of the farms with 
pigs exhibiting clinical signs of rabies 
were captured or tested for rabies. In 
both pigs from case 1 and case 2, the 
clinical signs observed were inappe-
tence, lateral recumbency, and paddling 
movements, which evolved in case 1 to 
hind limb paresis and progressive flac-
cid paralysis followed by death after four 
days of progressing clinical signs. The 
pig from case 2 was euthanized 2 days af-
ter the onset of clinical signs when pad-
dling movements were observed. 

Gross lesions were not observed during 
necropsy in either case 1 or 2. In case 1, 
fresh samples of cortex, hippocampus, 
and cerebellum from the CNS were sub-
mitted to a virology laboratory at Rio 
Grande do Sul state, which only per-
forms direct fluorescent antibody testing 
(DFAT) for rabies. Sections of liver, kid-
ney, lung, heart, and brain, preserved in 
10% buffered formalin, were sent to the 
Pathology Laboratory from Santa Cata-
rina State University for histopathologic 
examination seeking differential diagno-
ses. In case 2, the samples were only col-
lected in 10% buffered formalin for his-
tologic diagnosis. Due to the size of the 
formalin-fixed tissue samples submitted 
in both cases, about 3 × 5 cm each, the 
brain could only be differentiated into 
the cerebrum, cerebellum, and brain-
stem. The material was routinely pro-
cessed for histopathology and stained 
with hematoxylin-eosin (H-E).

The type and distribution of histologi-
cal lesions were similar in both pigs. 
However, the pig from case 1, which 
survived longer and died spontaneously, 
had more severe lesions compared to the 
pig from case 2. In case 1, perivascular 
lymphoplasmacytic infiltrates were ob-
served around large numbers of blood 
vessels located in the grey and white 
matter of the cerebrum, with the inten-
sity of the perivascular infiltrate more 
pronounced in the white matter of this 
region (Figure 1A and B). Individual ne-
crosis of neurons, satellitosis, neurono-
phagia and multifocal microgliosis 
with astrocytosis were also observed 
(Figure 1C). In the brainstem, lesions 
were similar to those in the cerebrum, 
but inflammatory lesions were more 
pronounced and gliosis was diffuse. 
Cerebellar lesions were minimal and 
characterized by a mild infiltrate of lym-
phocytes in the meninges. In case 1, the 

Figure 1: Histopathology of the brain from the pig in case 1. A) Perivascular 
lymphoplasmacytic infiltrate and diffuse gliosis in the brainstem of swine 
(hematoxylin-eosin [H-E], original magnification 100×). B) Higher magnification 
of the perivascular lymphoplasmacytic infiltrate with few eosinophils in the 
brainstem of swine (H-E, original magnification 400×). C) Necrosis of neurons 
(thick arrow) and microgliosis (thin arrow) in the cerebrum (H-E, original 
magnification 400×).
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wounds reported in the pig from case 1 
were evidence of bat bites and suggests 
that this was the most likely cause of 
infection. The incubation period of the 
rabies virus ranges from one to three 
months, therefore, bat bites are often 
not observed in the affected animal, as 
in case 2 described in this report. When 
available, cattle are considered the 
main food source for bats of the species 
Desmodus rotundus. In situations where 
there are few cattle, bats may choose to 
feed on another available species, such 
as swine.7 Vaccination of cattle against 
rabies is not mandatory in Brazil but is 
routinely performed in regions of en-
demic rabies associated with Desmodus 
rotundus. Even in endemic regions, ra-
bies vaccination of swine is not gener-
ally performed in Brazil but this practice 
should be considered in areas where 
cattle rabies epidemics are observed. 
In this clinical report, not vaccinating 
the affected pigs may have contributed 
to their susceptibility to infection and 
potential infection leading to clinical 
disease. In case 1 where vaccination was 
not carried out, both species (bovine 
and swine) became clinically affected 
in the same period. In case 2 where the 
cattle were vaccinated for rabies, only 
the swine demonstrated clinical signs of 
rabies.

Another factor that supports bats as the 
source of infection in both reported cas-
es is the clinical manifestation of hind 
limb paralysis. In cases where pigs were 
infected with rabies from cats and dogs 
(urban cycle), their clinical signs pre-
sented differently from those described 
in this report and were characterized by 
aggression, vocalization, muscle spasms 
and tremors, kicking, hyperexcitation, 
continuous biting of other animals, and 
salivation.9-11 In this case report, clini-
cal signs in the affected pigs reported 
by their owners consisted of hind limb 
paralysis, lateral recumbency, and pad-
dling movements. However, these same 
clinical signs can be observed in several 
other neurological diseases that occur 
in pigs raised in Brazil, including strep-
tococcal meningitis, edema disease, 
salt or selenium poisoning, and porcine 
teschovirus (PTV). Pseudorabies virus 
(PRV) has not been reported in Southern 
Brazil since 2004,12 and there is no clini-
cal report of porcine sapelovirus A (PSV) 
or porcine astrovirus type 3 (PAstV3) 
in the country, but they are important 
differential diagnoses that must be con-
sidered where neurological disease oc-
curs in swine. Porcine sapelovirus A was 

size of the perivascular infiltrate varied 
from two to four layers in many vessels, 
while in case 2 it was not more than two 
layers.6 In addition, gliosis in case 1 was 
multifocal while gliosis in case 2 was 
diffuse without evidence of lymphocytic 
meningitis in the cerebellum. No intra-
cytoplasmic inclusion bodies (Negri bod-
ies) were observed within neuron cell 
bodies of either case. In addition to these 
lesions, case 1 had evident perivascular 
and perineuronal edema, a mild infil-
trate of eosinophils associated with the 
lymphoplasmacytic component, areas 
with neuropil loss, and a mild infiltrate 
of Gitter cells. 

Based on the histological lesions and epi-
demiology, the brain tissues (cerebrum, 
cerebellum, and brainstem) were evalu-
ated with immunohistochemistry (IHC) 
for rabies. The endogenous peroxidase 
activity was blocked by incubation of 
tissues in a 3% solution of hydrogen per-
oxide in methanol for 10 minutes, twice. 
The antigenic recovery by heat was made 
with citrate buffer for 5 minutes in a mi-
crowave (three cycles). Nonspecific re-
actions were blocked with 5% skimmed 
milk diluted in distilled water for 15 min-
utes. Rabies polyclonal antibody (#5199; 
Chemicon International, Inc) was used 
at a dilution 1:1000 in phosphate buffered 
saline and the slides incubated at 37°C 
for 1 hour in a humid chamber. After 
this step, the slides were incubated with 

secondary antibody linked to streptav-
idin-peroxidase (kit LSAB-HRP, K0690; 
Dako Cytomation) for 20 minutes. The 
chromogen used for development of 
signal was 3,3’Diaminobenzidine (DAB, 
K3468, Citomation Dako). For counter-
staining, Harris hematoxylin was used. 
As a positive control, a sample of CNS 
tissue from cattle previously confirmed 
positive for rabies by IHC and DFAT was 
used. Immunohistochemistry revealed 
strong labelling for rabies antigen in the 
perikaryon and axons of neurons in the 
brainstem (Figure 2) and moderate label-
ling intensity in the cerebrum. Cerebel-
lum samples in both cases did not show 
significant IHC staining.

Discussion
Rabies infections in pigs and cattle oc-
curring on the same farm were previ-
ously described in Brazil.7 Often, lesions 
suggestive of bat or dog bites cannot 
be identified at the time clinical signs 
are present due to the variable incuba-
tion period, which results in difficulties 
identifying the exact source of infec-
tion.8 In Brazilian southern states, ur-
ban rabies has not been detected since 
the 1980s.2 However, vampire bats of 
the species Desmodus rotundus remain 
a natural reservoir of the rabies virus. 
Vampire bats can only be caught by the 
State’s Official Health Defense Service 
in cases of a disease epidemic. Puncture 

Figure 2: Immunohistochemistry (IHC) of the brainstem from the pig in case 1. 
Rabies antigen was detected by IHC in the perikaryon and axons of neurons in 
the brainstem (Harris hematoxylin, original magnification 400×).
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detected in pigs associated with an out-
break of PTV, but it was not possible to 
associate the role of these viruses in CNS 
lesions. In the same study, the presence 
of PAstV3 was investigated, but it was not 
detected.13

The two most frequent encephalitic 
diseases, streptococcal meningitis and 
edema disease, are easily distinguished 
by their distinct histopathology. Strep-
tococcal meningitis is associated with 
suppurative encephalitis and in cases of 
edema disease, degeneration of vessels 
and absence of inflammatory cells is ob-
served. When salt poisoning occurs, the 
intermittent convulsive episodes that 
repeat at regular intervals help diagnose 
the clinical suspicion. In histology, char-
acteristic lesions of salt poisoning besides 
eosinophilic infiltrate includes laminar 
cortical necrosis, which does not occur in 
rabies cases. Selenium and Aeschynomene 
indica intoxications also present neuro-
logical clinical signs. However, the histo-
logical lesions are characterized mainly 
by symmetric and focal degeneration in 
the spinal cord in cases of selenium in-
toxication,14 and in cerebellar and vestib-
ular nuclei in cases of A indica intoxica-
tion.15,16 Viral encephalitis by PTV, PRV, 
PSV and PAstV3, although presenting 
with lymphoplasmacytic infiltrates, are 
considered polyencephalomyelitis and 
present histological differences in the 
H-E staining that are used to choose if 
IHC is necessary. 

In specific cases of PRV, the main le-
sions occur in the cerebral and cerebel-
lar cortex, and when present, necrotic 
areas are associated with neutrophil 
infiltrates.17 Histological lesions ob-
served in tonsils, lung, liver, and kidney 
are not found in cases of rabies, which 
are restricted to the CNS. The age of the 
affected animals in both cases is also 
important as adult pigs rarely develop 
neurological conditions.18 For PTV in-
fections, lesions frequently occur in the 
brainstem, hypothalamus, and spinal 
cord regions. While the cerebral and 
cerebellar cortex are rarely affected, the 
cerebellar white matter is often severely 
involved19 and differs from the absence 
of cerebellar lesions observed in this 
report. The spinal cord was not submit-
ted for evaluation in this case, but poly-
encephalomyelitis is mainly observed 
in the ventral horn of the spinal cord in 
PTV infection, which is different from 
rabies infections that produce lesions 
in the white matter. Also, animals with 
PTV continue eating and drinking wa-
ter, with adult animals being much less 

susceptible to the virus.19 Collectively, 
confirming the presence of rabies virus 
by IHC is a highly effective method as an 
auxiliary tool in the formulation of the 
diagnosis. 

Pigs typically show only one or two clas-
sic clinical signs of rabies or they are 
found dead with no premonitory signs,4 
which can occur in response to several 
other neurological diseases that affect 
swine. Veterinarians should also con-
sider other epidemiological factors when 
making a presumptive diagnosis such as 
the animal’s age, considering many vi-
ral diseases that cause encephalitis, like 
CSF, ASF, and PRV, affect mainly young 
piglets. The major challenge in diagnos-
ing rabies in pigs is that it is rarely con-
sidered in the list of differential diagno-
sis of neurological diseases in swine. The 
samples submitted in buffered formalin 
for histological examination provided an 
effective method for creating a differen-
tial diagnosis and should be encouraged, 
especially in cases where there is acute 
death. Special attention should be given 
to pigs raised in regions where vectors 
are present, or which have concomitant 
cases of neurological diseases in other 
species, such as ruminants, that may 
also have rabies, streptococcal meningi-
tis, or PRV. Especially in cases of neuro-
logical disease in locations where rabies 
is endemic, the collection of fresh sam-
ples should be included since DFAT is 
considered the gold-standard technique 
for rabies diagnosis, as in case 2 where 
only formalin-fixed tissues were submit-
ted. Spinal cord was not collected in ei-
ther of the cases in this report. Although 
it did not change the diagnosis, its sam-
pling could have brought more informa-
tion about rabies in pigs. High intensity 
of histological injury in the spinal cord 
has been reported in other rabies diagno-
ses in pigs.20,21 Additional sampling of the 
spinal cord based on clinical signs should 
be considered, since it is an important 
differential diagnosis for PTV and sele-
nium poisoning. 

The histological findings described in 
this report were characterized by more 
pronounced lymphocytic meningoen-
cephalitis in the brainstem compared 
to the cerebellum and cortex, which is 
similar to rabies lesions described by 
other authors.20,22 The pig in case 1 had 
marked severe perivascular and peri-
neuronal edema and mild eosinophilic 
infiltration associated with the lympho-
plasmocytic component. Neurological 
clinical signs associated with histologi-
cal lesions characterized by eosinophil 

infiltration and neuronal necrosis have 
been reported in pigs with salt poison-
ing or sodium ion intoxication, a condi-
tion that occurs due to excessive sodium 
chloride intake during water deprivation 
under normal salt intake conditions.23 
Pigs infected with rabies virus, although 
they do not reject water and food, are 
usually unable to physically swallow.8 It 
is likely that the four-day clinical course 
of rabies in the pig from case 1 had hin-
dered water consumption and perhaps if 
the animal survived longer, would have 
further progressed to corticolaminar ne-
crosis commonly observed with salt poi-
soning. Convulsive episodes caused by 
salt intoxication may have been hidden 
due to flaccid paralysis caused by rabies. 

The pig in case 1 survived longer, had 
spontaneous death, and had exhibited 
more severe lesions compared to the pig 
in case 2, which was euthanized for a 
diagnosis earlier in the progression of 
the disease. However, the IHC diagno-
sis in both animals was performed and 
showed similar immunoreactivity. In a 
study to diagnose bovine rabies, it was 
reported that IHC and DFAT were useful 
diagnostic techniques that could detect 
animals in the early stages of clinical 
evolution, with mild intensities of histo-
logical lesions.24 This report established 
that early euthanasia during the course 
of clinical disease can be performed to 
reduce the suffering of animals without 
affecting the ability to diagnose the dis-
ease using IHC. As with clinical signs, 
microscopic lesions of nonsuppura-
tive encephalitis are not definitive in 
rabies encephalitis and similar lesions 
can be found in other viral CNS infec-
tions. Intracytoplasmic viral inclusions 
in neurons are characteristic of rabies, 
and the presence of these structures is 
strongly suggestive of viral infection.24 
However, no inclusions consistent with 
rabies were observed in the brain of the 
pigs analysed in this study. The absence 
of Negri bodies in cases of swine rabies 
has also been reported in other stud-
ies.7,9,20,22,25 The absence of intracyto-
plasmic viral inclusions in swine rabies 
represents a diagnostic challenge in this 
species, and the application of additional 
diagnostic methods such as IHC and 
DFAT technique is essential.

Direct florescent antibody testing is 
the gold standard for rabies diagnosis; 
however, a study conducted in Canada 
showed the sensitivity of DFAT for swine 
was 81.8% (18 of 22 cases were posi-
tive), which was much lower compared 
to other species tested within the same 
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laboratory.4 False-negative DFAT results 
for swine rabies have also been reported 
by other authors.20,22,25,26 These reports 
suggest that negative DFAT results in 
pigs should be interpreted with caution 
and other complementary diagnostic 
methods are important. Many factors 
may lead to the occurrence of false- 
negative DFAT, such as a low or irregular 
distribution of the virus in CNS tissue 
and the difficulties experienced with 
fluorescent antibody staining.25 A study 
conducted to determine the regions 
of the brain where rabies antigen was 
found indicated that in most mammals, 
the most reliable part was the brain-
stem, particularly the thalamus. Other 
parts of the brain, including the hippo-
campus, cerebellum, and cerebrum, will 
occasionally give false-negative results 
for rabies antigen in DFAT diagnoses.5 

The samples analysed in this report 
were fixed in 10% formalin with con-
firmatory diagnosis by IHC. This study 
showed that immunoreactivity was more 
intense in the areas of greater inflam-
mation, with the most immunoreactivity 
observed in the brainstem, mild reactiv-
ity in the cerebrum, and no immuno-
reactivity observed in the cerebellum. 
Strong immunoreactivity in the brain-
stem has also been reported in other 
cases of rabies in pigs.3,21,27 Also, no im-
munoreactivity in cerebellum samples 
was observed in horses and foxes.3 Based 
on this, our recommendations are that 
the spinal cord and brainstem should 
routinely be sampled for histological 
analysis in cases where porcine rabies is 
a differential diagnosis, as sampling of 
only the cerebral cortex or cerebellum 
can increase the likelihood of a false-
negative result. As the rabies virus does 
not have a homogeneous distribution 
throughout the CNS, it is possible that 
there are not enough viral particles to be 
marked in the IHC and DFAT techniques. 
The absence of Negri bodies,7,9,20,22,25 
and inconsistent detection of rabies vi-
rus in porcine CNS by DFAT highlight 
the complexities involved in the diagno-
sis of rabies in this species.

Implications
Under the conditions of this study:

•	 Rabies antigen was detected in the 
brainstem and cerebrum using his-
topathology and IHC. 

•	 No rabies antigen was detected in 
the cerebellum by IHC.

•	 Immunohistochemistry was effective 
in confirming the rabies diagnosis.
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