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Our objective was the characterization and staging of histological lesions in different 
anatomical sites of the central nervous system (CNS) of rabid cattle. The severity of the lesions 
was compared with the clinical stages of the disease, the variants of viral isolates, and with 
the load of virus. Thirty-one spontaneously affected rabid cattle the state of Santa Catarina 
underwent clinical follow-up and were eventually necropsied. CNS tissues were sampled 
and submitted to direct fluorescent antibody technique (DFAT), immunohistochemistry 
(IHC), routine histopathology with hematoxylin and eosin stain (HE), reverse transcriptase 
polymerase chain reaction (RT-PCR), and polymerase chain reaction in quantitative reverse 
transcriptase in real time (qRT-PCR). Affected cattle were allotted in four groups according to 
their clinical stage when euthanized: G1, euthanized while standing; G2, euthanized when in 
sternal recumbence; G3, euthanized when in lateral recumbence; and G4, affected cattle with 
natural death. In order to evaluate the degree of severity of the lesions and the presence of 
Negri bodies (NBs), the brain was sectioned at 9 sites. Additionally, spinal cord and trigeminal 
ganglion sections were examined. The intensity of the lesions was graded as either absent, 
mild, moderate, or marked, and the presence or absence of the NBs was noted. Histological 
lesions were characterized by lymphocytic and monocytic meningoencephalitis with NBs 
in 28 cases. In all analyzed groups, intensities of histological lesions ranging from mild to 
severe were observed. Brain regions with the highest inflammatory lesion intensity were 
the medulla at the level of obex, followed by the colliculus and thalamus. NBs were observed 
in a higher percentage in the cerebellum, followed by medulla at the obex level, striatum 
complex, and frontal telencephalon. The duration of the clinical course of the disease did not 
influence the intensity of the inflammatory lesion, but it did influence the presence of NBs, 
with a higher percentage of these inclusions in cattle that died naturally than in euthanized 
cattle. All isolated rhabdovirus included in this study were genetically compatible with 
samples from hematophagous bats Desmodus rotundus. The evaluation by qRT-PCR did not 
demonstrate a correlation between lesion intensity and the amount of virus.

INDEX TERMS: Cattle rabies, clinical course, virus, genetic lineage, histology, lesion severity, RT-PCR.

PVB-6438 LD

Página final

Cattle rabies: the effect of clinical evolution, viral 
genetic lineage, and viral load on the severity of 

histological lesions1

Claudia S. Wisser2*, André Thaler Neto3, Helena B.C.R. Batista4, Enio Mori4, Maria 
E.R. Chierato4, Marcélia E.S. Fernandes4 and Sandra D. Traverso2

¹ Received on August 12, 2019.
Accepted for publication on. August 27, 2019.
Part of the doctoral thesis of the first author. 

² Laboratório de Patologia Animal, Departamento de Medicina Veterinária, 
Centro de Ciências Agroveterinárias (CAV), Universidade do Estado de Santa 
Catarina (UDESC), Avenida Luiz de Camões 2090, Bairro Conta Dinheiro, Lages, 
SC 88520-000, Brazil. *Corresponding author: claudiawisser@hotmail.com  

3 Departamento de Produção Animal e Alimentos, Centro de Ciências 
Agroveterinárias (CAV), Universidade do Estado de Santa Catarina 
(UDESC), Avenida Luiz de Camões 2090, Bairro Conta Dinheiro, Lages, 
SC 88520-000, Brazil.

4 Instituto Pasteur de São Paulo, Avenida Paulista 393, Cerqueira César, 
São Paulo, SP 01311-000, Brazil.

mailto:claudiawisser%40hotmail.com?subject=
https://orcid.org/0000-0002-1191-3230
https://orcid.org/0000-0002-2283-0991
mailto:claudiawisser@hotmail.com


Claudia S. Wisser et  al.228

Pesq. Vet. Bras. 40(4):227-233, April 2020

RESUMO.- [Raiva bovina: relação do curso clínico, da 
linhagem genética do vírus e carga viral com a intensidade 
de lesões histológicas.] Nosso objetivo foi a caracterização 
e estadiamento de lesões histológicas em diferentes locais 
anatômicos do sistema nervoso central (SNC) de bovinos 
raivosos. A gravidade das lesões foi comparada com os 
estágios clínicos da doença, as variantes dos isolados virais 
e com a quantidade de vírus. Trinta e um bovinos do estado 
de Santa Catarina, afetados naturalmente por raiva, foram 
acompanhados clinicalmente e, ao final, necropsiados. Os tecidos 
do SNC foram amostrados e submetidos a imunofluorescência 
direta, imunohistoquímica, histopatologia de rotina, reação 
em cadeia da polimerase via transcriptase reversa (RT-PCR) 
e reação em cadeia da polimerase em transcriptase reversa 
quantitativa em tempo real (qRT-PCR). Os bovinos afetados 
foram distribuídos em quatro grupos, de acordo com sua 
fase clínica: G1, eutanasiados quando ainda se mantinham 
em pé; G2, eutanasiados quando em decúbito esternal; G3, 
eutanasiados quando em decúbito lateral; e G4, bovinos 
afetados com morte natural. Para avaliar o grau de gravidade 
das lesões e a presença de corpúsculos de Negri (CNs), o 
cérebro foi seccionado em 9 locais. Além disso, seções da 
medula espinhal e do gânglio trigêmeo foram examinadas. 
A intensidade das lesões foi graduada como ausente, leve, 
moderada ou acentuada, e a presença ou ausência dos CNs 
foi anotada. Lesões histológicas foram caracterizadas por 
meningoencefalite linfocítica e monocítica com CNs em 28 casos. 
Em todos os grupos analisados foram observadas intensidades 
de lesões histológicas variando de leve a grave. As regiões 
cerebrais com maior intensidade de lesão inflamatória foram 
o bulbo no nível do obex, seguido do colículo e tálamo. CNs 
foram mais prevalentes no cerebelo, seguido pelo bulbo ao 
nível do óbex, corpo estriado e telencéfalo frontal. A duração 
do curso clínico da raiva não influenciou a intensidade da 
lesão inflamatória, mas influenciou a presença de CNs, 
com maior porcentagem dessas inclusões em bovinos que 
morreram naturalmente do que em bovinos sacrificados. 
Todos os isolados rabdovírus obtidos neste estudo eram 
geneticamente compatíveis com amostras provenientes de 
morcegos hematófagos Desmodus rotundus.

TERMOS DE INDEXAÇÃO: Raiva bovina, evolução clínica, linhagem 
genética, vírus, histologia, intensidade das lesões, RT-PCR, bovinos.

INTRODUCTION
Rabies is an infectious, notifiable disease that affects the 
central nervous system (CNS) of several species (Barros et 
al. 2006, Beigh et al. 2015, Faizee et al. 2012). It causes acute 
encephalomyelitis in all warm-blooded animals, including 
humans and many wild species, which can serve as reservoirs 
for the virus (Rupprecht & Gibbons 2004).

The disease is caused by RNA viruses, belonging to the 
genus Lyssavirus of the family Rhabdoviridae (Buchen-Osmond 
2003). Based on phylogenetic analysis, the genus Lyssavirus 
is currently divided into seven genotypes (Heaton et al. 
1999).  The classical rabies lyssavirus (RABV) and its strains 
are known worldwide as the cause of rabies in humans and 
animals (Paweska et al. 2006), and so far Genotype 1, is the 
only one isolated in the Americas (Schaefer et al. 2005)

The RABV circulates within two interrelated epidemiological 
cycles, the urban and the wild cycle (Escobar et al. 2013). In 
Brazil, rabies prevalence is maintained by the main reservoirs, 
the dog in the urban cycle and bats in the wild cycle (Dietzschold 
et al. 1988, Schaefer et al. 2005). Evaluation of isolates from 
different regions of Brazil has identified that most cattle samples 
are related to the rabies virus from hematophagous bats 
(Schaefer et al. 2005). The isolated variant of hematophagous 
bats (Desmodus rotundus) is important throughout Latin 
America not only due to economic livestock losses but also 
to the impact on public health by transmission to humans 
(Rupprecht et al. 2018). In 2007, six cases of human rabies 
were recorded in Brazil; all of which were caused by variant 
3 of hematophagous bats (D. rotundus) (Brasil 2018).

A recent case of autochthonous human rabies has been 
reported from Santa Catarina and the last reported cases of 
human and canine rabies in this southern Brazilian State 
were diagnosed respectively in 1981 and 2016 (DIVE 2019). 
Cases of rabies in herbivores are frequently reported from 
Santa Catarina (CIDASC 2019) but, there are insufficient data 
informing about different viral variants circulating the State.

Nervous lesions are characterized by lymphocytic and 
monocytic infiltration in the perivascular spaces an meninges, 
gliosis, and neuronal degeneration and necrosis (Beck et al. 
2017, Rupprecht et al. 2018). Characteristic eosinophilic 
inclusion bodies, the Negri bodies (NBs) may be present in 
the neuronal cytoplasm (Beck et al. 2017). It is estimated that 
in up to 30% of cases of rabies in cattle, NBs are not visible 
in routine histological staining (Barros et al. 2006).

The intensity of the lesions is quite variable (Summers et 
al. 1995). It is believed that several factors can influence the 
lesion intensity, such as the type and concentration of the 
virus (Fernandes & Riet-Correa 2007), the incubation period, 
the duration of the clinical course of the disease, individual 
reaction of the infected animal (Germano et al. 1977). Although 
data linking clinical stages with histological changes in cattle 
are scarce, more severe lesions are often related to longer 
clinical courses (Langohr et al. 2003, Lima et al. 2005). Thus, 
it is believed that the severity of the lesions increases with 
disease progression (Langohr et al. 2003).

This study provides information on the characterization 
and staging of histological lesions in the different anatomical 
sites of the CNS in rabid, comparing with the clinical stages of 
the disease, the variants of circulating rabies virus in Santa 
Catarina.

MATERIALS AND METHODS
Tissue samples from central nervous system were obtained during 
necropsies of cattle with naturally acquired rabies after a follow-up of 
clinical cases in the State of Santa Catarina, southern Brazil. Affected 
cattle were euthanized only after the first positive diagnosis for rabies 
in a bovine involved in the outbreak. Affected cattle were allotted 
in four groups according to their clinical stage when euthanized: 
G1, euthanized while standing; G2, euthanized when in sternal 
recumbence; G3, euthanized when in lateral recumbence; and G4, 
affected cattle with natural death. The procedures for the current 
study were submitted to and approved by the Ethics Committee in 
Experimentation of the Agroveterinary Sciences Center (CETEA), of 
the State University of Santa Catarina, under protocol number 1.06.15.

Samples of the cerebellum, hippocampus, and thalamus were 
submitted to DFAT and IHC for confirmation of the diagnosis. A 
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pool containing samples of cerebellum, brainstem and cortex was 
submitted to molecular characterization. The remained CNS tissue 
was preserved in 10% formaldehyde for histopathological evaluation.

DFAT was performed according technique previously described 
(Dean et al. 1996), for the use of antinucleocapsid polyclonal anti-
ragic conjugate, produced at Instituto Pasteur of São Paulo/SP. The 
IHC was applied in the samples according to a protocol adapted 
from Pedroso et al. (2008) using Chemicon #5199 polyclonal anti-
rabies antibody.

For histological evaluation, the following portions were sectioned: 
the trigeminal ganglion, medulla at the level of the obex, cerebellum, 

rostral colliculus, frontal telencephalon, corpus striatum, parietal 
telencephalon, thalamus, temporal telencephalon, hippocampus, 
and cervical spinal cord. Hematoxylin and eosin (HE) stained 
sections were evaluated for the intensity of inflammatory lesions 
and classified as: (0) without alterations, (1) mild perivascular 
mononuclear infiltrate with up to two layers, and mild gliosis, 
(2) moderate perivascular mononuclear infiltrate with 3-4 cell 
layers and moderate gliosis, (3) marked perivascular mononuclear 
inflammation with 3-4 cell layers and marked gliosis or more than 
4 layers of perivascular inflammatory cells. All regions were also 
evaluated for the presence of NBs.

Table 1. Severity of the histological lesions, by brain area, in the different groups of clinical evolution

Bov Group Day of 
death

Severity of inflammation in each region

ME TR OB CR CO TF CE TP TA TT HI

1 G1 4 2 3 3 1 3 0 3 1 3 1 1

2 G1 3 3 1 3 1 3 1 0 0 2 0 0

3 G1 3 NA 3 2 1 3 1 2 1 2 0 1

4 G1 4 1 NA 2 1 2 1 2 2 1 1 1

5 G1 5 2 1 3 3 2 2 3 2 2 1 2

6 G1 2 0 0 2 1 2 1 1 1 3 1 1

7 G2 6 0 NA 1 0 1 1 0 0 1 0 0

8 G2 5 1 1 0 0 0 0 0 0 1 0 0

9 G2 6 NA NA 1 1 2 1 1 1 2 0 0

10 G2 2 2 2 2 2 1 0 1 1 1 1 0

11 G2 4 1 NA 2 1 2 NA NA 1 1 0 1

12 G2 5 1 1 2 1 2 0 1 0 2 1 1

13 G3 8 1 1 2 2 2 1 1 1 2 NA 1

14 G3 8 1 NA 3 2 2 2 2 1 2 2 2

15 G3 8 NA NA 1 1 1 0 0 0 1 0 0

16 G3 3 NA NA 2 1 2 NA 1 1 1 0 1

17 G3 5 1 NA 2 1 2 1 2 1 2 1 1

18 G3 7 NA 2 2 1 2 NA 1 0 1 0 0

19 G3 7 NA 2 3 1 1 0 1 0 1 0 1

20 G3 4 NA 1 2 1 1 0 1 0 1 0 0

21 G3 5 0 NA 2 1 3 2 2 1 2 1 1

22 G3 2 3 2 3 3 2 1 1 1 3 0 0

23 G3 5 2 NA 3 2 2 2 2 2 2 2 2

24 G3 3 2 NA 3 3 3 2 2 1 2 1 2

25 G3 7 3 1 3 2 3 2 2 1 3 1 2

26 G3 4 1 1 3 3 2 2 2 1 3 0 2

27 G3 4 2 1 2 1 2 0 2 1 1 0 1

28 G4 5 1 3 3 1 3 1 1 1 2 0 1

29 G4 6 2 NA 3 1 2 1 2 1 3 1 0

30 G4 3 NA NA 3 2 3 2 3 2 3 1 2

31 G4 3 2 NA 3 2 3 3 3 2 3 2 3

G1 = Cattle euthanized while standing, G2 = euthanized when in sternal recumbence, G3 = euthanized when in lateral recumbence, G4 = affected cattle 
with natural death, NA = unrecorded region, 0 = absence of lesions, 1 = mild inflammation, 2 = moderate inflammation, 3 = marked inflammation, ME = 
spinal cord, TR = ganglion trigeminal, OB = medulla at the obex level, CR = cerebellum, CO = rostral colliculus, TF = frontal telencephalon, CE = corpus 
striatum, TP = parietal telencephalon, TA = thalamus, TT = temporal telencephalon, HI = hippocampus.
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For molecular characterization, RT-PCR followed by genetic 
sequencing was performed, using a pool containing samples of 
cerebellum, brainstem, and cortex. The total RNA from each of 
the samples was extracted using TRIzol Reagent (Invitrogen™). 
For the reverse transcription, 5μl of the RNA extracted from each 
sample was utilized, 21G (sense) (5’-ATGTAACACCTCTACAATG-3’) 
and 304 (antisense) primers (5’-TTDACGAAGATCTTGCTCAT-3’) 
directed to the RABV nucleoprotein gene and the kit Superscript™ 
II Reverse Transcriptase (Invitrogen™). PCR primers 21G, 304 and 
the recombinant Taq DNA polymerase kit (Invitrogen™) were used. 
Both RNA extraction and RT-PCR were performed according to the 
manufacturer’s instructions. For each amplified sample, the genetic 
sequencing with each primer previously described was separately 
performed using 4μl of BigDye 3.1 (Applied Biosystems), 3.2pmol 
of each primer, 30-50ng of target DNA and water DNAse/RNAse 
free qsp for a final reaction of 10μl. The product of this reaction 
was further purified with Sephadex (GE HealthcareTM) in a 96-well 
plate following the manufacturer’s instructions. Subsequently, the 
plate was taken to the ABI-3130 automatic gene analyzer (Applied 
Biosystems™) to obtain the electropherograms of the sequences of 
DNA. The nucleotides of the electropherograms were checked manually 
with the program Chromas v.2.23 (©1998-2002 Technelysiumm 
Pty LTD) and the final sequence obtained with the Cap-Contig 
application of the BIOEDIT v.5.0.9 (Hall 1999), which was then 
compared with others retrieved by BLASTn5 to obtain the identities 
of the genetic lines of the samples. The sequences were aligned by 
the CLUSTAL/W method, for which the BIOEDIT program was used, 
v.5.0.9. Phylogenetic trees were obtained using the Neighbor-Joining 
algorithm and Kimura-2-parameter evolutionary model, with 1000 
bootstrap repetitions with the MEGA program (Kumar et al. 2001).

The qPCR was performed using the SyBR Green I 
system and the antisense primers 304 and sense 504 
(5’-TATACTCGAATCATGATGAATGGAGGTCGACT-3’). For the real-
time RT-PCR, 2μL per sample was used, plus 9μL of free nuclease 
water, 12.5μL of 2X Power SYBR® Green PCR Master Mix (Applied 
Biosystems) and 0.75μL of each primer and antisense (504 and 
304) at 10μM. Each sample was analyzed in duplicate using 
MicroAmpOptical 96-well Reaction Plate in the Applied Biosystems 
7500 Real-Time PCR System apparatus. The results were analyzed 
using the 7500 Software v.2.0.5. The specificity of the reaction was 
verified by the analysis of the dissociation or melting curve. Samples 
with quantification cycle (Cq) <35 were considered positive by RT-
qPCR. When samples showed Cq>35 or Cq<40, they were considered 
as inconclusive results, requiring 1% agarose gel electrophoresis. 
When the samples presented Cq>40, they were considered negative.

The data obtained in the histological evaluation were subjected 
to statistical analysis, with a completely randomized experimental 
design. The data of the quantitative variables (intensity of the 
inflammatory lesion and NBs presence) were subjected to the analysis 
of variance using the mixed procedure of the statistical package SAS. 
The intensity data were analyzed as repeated measures in the space 
for each animal (random variable) The statistical model includes 
the effects of the group with the region of the nervous system and 
the interaction between these variables. The Kolmogorov-Smirnov 
test evaluated the normality of the residues, and the means were 
compared by the Tukey test at the 5% level of statistical significance.

5 Available at <http://www.ncbi.nlm.nih.gov/BLAST>

RESULTS
All samples were confirmed as rabies positive through IHC and 
DFAT. Histological lesions were characterized by lymphocytic 
and macrophagic meningoencephalitis associated with gliosis, 
with intensities ranging from mild to severe and NBs present 
in most cases. Table 1 and 2 describe the data regarding the 
group and day of clinical evolution of each cattle, as well as 
the intensity of inflammatory lesions and the presence of 
inclusions in each anatomic CNS site

The encephalic regions with the highest intensity of 
inflammatory lesions were the obex, followed by the colliculus, 
thalamus, and trigeminal ganglion, with no statistical difference 
between them (p>0.005). The average intensity of actions in 
the 11 regions evaluated can be observed in Table 3. NBs were 
observed in 28 of the 31 cattle (90.3%). The cerebellum was 
the region with the highest percentage of inclusions, followed 
by the obex, corpus striatum and frontal telencephalon, with 
no statistical difference between them (Table 3).

Table 4 shows the relationship between the clinical evolution 
of the disease, the intensity of the histological lesion and the 
presence of NBs. It was observed that the clinical evolution 
of rabies had no effect on the intensity of the inflammatory 
lesion, as the difference was not statistically significant 
(P>0.05) between cattle euthanized in standing (G1) and those 
naturally dead (G4). There was also no statistically significant 
difference between cattle euthanized in standing (G1) and 
those euthanized in lateral recumbency (G3). On the other 
hand, there was a correlation with the presence of NBs, since 
animals with spontaneous death had a higher percentage of 
inclusions, with a statistically significant difference in relation 
to those that were euthanized for examination.

The comparative analysis between the sequences generated 
and the sequences retrieved from GenBank showed that all the 
isolated RABV samples included in the present study show a 
genetic lineage characteristic of hematophagous bats Desmodus 
rotundus. Of the 31 samples collected, nine amplicated. The 
highest viral load was not found not to be related to a greater 
mean intensity of the lesion, nor to differences in clinical 
evolution. The ratio of the cycles threshold (CT) in RT-PCR 
with clinical evolution and lesion intensity can be observed 
in Table 5. For example, Cattle BOV2 and BOV26, with higher 
viral load, had lesion intensity similar to BOV3 and BOV13, 
with a lower virus replication rate. 

DISCUSSION
The intensity of the histological lesions of rabies can be quite 
variable (Summers et al. 1995) and it is believed that the stage 
and course of the disease, together with the viral strain and 
load, can influence both the onset of inflammatory lesions and 
of the development of NBs (Fernandes & Riet-Correa 2007).

The most prominent inflammatory lesions in this study 
were observed in the medulla, colliculus and thalamus which 
is similar to the distribution described by others (Langohr et 
al. 2003) and are possibly related to the characteristics of the 
route of viral infection, since the virus spreads from the site 
of replication by rapid retrograde axonal transport (Wang 
et al. 2013) reaching first the trunk (spinal cord) and then 
the brain. More pronounced inflammation in the brainstem 
could prevent viral spread to the cerebral hemispheres 
(Shuangshoti et al. 2013).

http://www.ncbi.nlm.nih.gov/BLAST
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Table 2. Presence of Negri bodies (NBs), by brain area, in the different groups of clinical evolution, in the different animals

Bovine Group Day of 
death

Negri inclusion bodies in each region
ME TR OB CR CO TF CE TP TA TT HI

1 G1 4 - + + + - - - - - - -
2 G1 3 - - - - - - - - - - -
3 G1 3 + + + + + + + + - + +
4 G1 4 - NA + + - - - - - - -
5 G1 5 - - + + + + + + + + +
6 G1 2 - - - - - - - - - - -
7 G2 6 + NA + + + + + + + + +
8 G2 5 + - + + + - + - + - -
9 G2 6 NA - - + - - - - - - -

10 G2 2 - - - - - - - - - - -
11 G2 4 - NA + + + NA NA - + - -
12 G2 5 - - - - - - - - + - -
13 G3 8 + + + + + + + + + - +
14 G3 8 + NA + + + + - + - + +
15 G3 8 + NA + + - + + + - + +
16 G3 3 - NA - + - - - - - - -
17 G3 5 + NA + - - + + - + + +
18 G3 7 NA - + + NA + + - - - +
19 G3 7 + + + + + + + + - - -
20 G3 4 - + - - - - - - - - -
21 G3 5 - NA + - + + + + - + +
22 G3 2 - + - + - + - + - - -
23 G3 5 - NA - + - + + - - - -
24 G3 3 - NA - + - + + + - - +
25 G3 7 + - + + + + + + + + +
26 G3 4 - - + + - + + + + + +
27 G3 4 - - - - - - + - - - -
28 G4 5 + + + + + + + + - + +
29 G4  6 NA - - + - - - - - - -
30 G4 3 NA NA + + + + + + + + +
31 G4 3 + NA + + + + + + + + +

G1 = Cattle euthanized while standing, G2 = euthanized when in sternal recumbence, G3 = euthanized when in lateral recumbence, G4 = affected cattle with 
natural death, NA = unrecorded region; (+) presence of Negri inclusions, (-) no inclusion of Negri; ME = spinal cord, TR = ganglion trigeminal, OB = medulla 
at the obex level, CR = cerebellum, CO = rostral colliculus, TF = frontal telencephalon, CE = corpus striatum, TP = parietal telencephalon, TA = thalamus, TT 
= temporal telencephalon, HI = hippocampus.

Table 3. Estimation of lesion intensity and percentage of 
Negri inclusion bodies in the different encephalic regions

Region Intensity of lesion Percentage of 
inclusions of Negri

Obex 2.3083a 61.29ab

Colliculus 2.1458a 43.33b

Thalamus 2.0125a 35.48b

Trigeminal 1.9089ab 36.84b

Striated complex 1.5502bc 60.00ab

Spinal cord 1.4569bc 40.74b

Cerebellum 1.3333cd 74.19a

Frontal telencephalon 1.0787de 60.00ab

Parietal telencephalon 0.9917e 48.39b

Hippocampus 0.9750e 48.39b

Temporal telencephalon 0.6421f 38.71b

a, b, c, d, e, f Averages followed by the same letter do not differ from each other 
(P>0.05) by the Tukey test.

Table 4. Effect of the clinical evolution of rabies in the 
presence of the Negri inclusion bodies and the severity of 

inflammatory lesion

Group Percentage of inclusions 
of Negri  Intensity of lesion

G1 36.92c 1.81ab

G2 36.07c 1.06c

G3 55.13b 1.66b

G4 75a 2.3a

G1 = Cattle euthanized while standing, G2 = euthanized when in sternal 
recumbence, G3 = euthanized when in lateral recumbence, G4 = affected 
cattle with natural death; a, b, c Averages followed by the same letter do not 
differ from each other (P>0.05) by the Tukey test.
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However, when it comes to the clinical course of the disease, 
previous studies report cattle with a 3-4 days of evolution 
without histological lesions in the CNS (Marcolongo-Pereira 
et al. 2011) and suggest that more severe lesions are observed 
in cases with more prolonged evolution (Lima et al. 2005). 
In the current study, even cattle that were euthanized in 
the early stages of the disease, with 2-3 days of evolution 
and were still able to stand, presented marked histological 
lesions in some encephalic anatomical sites. In addition, it 
was observed that even cattle that died after a clinical course 
of 7-8 days or longer had similar or even milder lesions than 
those that were euthanized in the early stages. These data 
suggest that clinical evolution cannot be considered as the 
only determinant factor for the severity of inflammatory 
histological lesions.

Regarding NBs, this study showed that their presence was 
influenced by the duration of the clinical course. Out of the 
31 cases analyzed, only three samples did not present NBs; 
those were from cattle euthanized in the early stages of the 
disease. According to Summers et al. (1995), the premature 
euthanasia of affected animals can result in cases with 
absence of NBs. According to Langohr et al. (2003) inclusions 
are most frequently detected in animals which survived for 
more than 4 days after the onset of clinical signs. This was 
also observed when we analyzed each case individually, since 
cattle without NBs were euthanized up to 3 days after the 
onset of clinical signs.

However, controversial data may be inferred if one 
considers that two cattle that died spontaneously (without 
euthanasia) in the present study had a very acute clinical 
course (up to 3 days) and yet presented inclusion bodies in 
all the analyzed areas of the encephalon, indicating that a 
short clinical course does not necessarily equate with lack 
of development of NBs. Moreover, a bovine that died after a 
clinical course of 6 days in the current study had NBs only in 
the cerebellum. NBs developed more often in the cerebellum 
of cattle from the current study corroborating the findings 
from others (Langohr et al. 2003, Silva et al. 2010). However, 
in one bovine NBs were found only in the trigeminal ganglion. 
This finding indicates that a more careful analysis of other 
areas of the nervous system should be made when there is 
no NBs found in the cerebellum, cortex, or hippocampus. A 
higher frequency of NBs were demonstrated in portions of 

the spinal cord of horses when compared to other regions 
(Bassuino et al. 2016) concluding that the analysis of this 
portion of the CNS will increase the chances of establishing 
a rabies diagnosis.

According to Maxie & Youssef (2006), NBs tend to be scarcer 
win sites where the inflammation is more severe. In this study, 
no relationship was established between NBs the intensity 
of the inflammatory infiltrate, as was previously observed 
(Langohr et al. 2003, Beck et al. 2017), since the region with 
the more severe inflammatory lesions, the medulla, was also 
the second most likely region to find NBs. The strain or type 
of virus is another factor that has been shown to influence 
the histological changes of rabies (Fernandes & Riet-Correa 
2007). The phylogenetic analysis of the samples obtained 
from cattle in the State of Santa Catarina were all identified 
as genetic lineage of hematophagous bats Desmodus rotundus 
(1B). Thus, the same strain presented lesions of varying 
intensity suggesting that lineage alone is not a determinant 
factor for the severity of the inflammatory histological 
lesions. Likewise, the evaluation of qRT-PCR did not show 
a relationship of lesion intensity with a greater viral load. 
This corroborates the findings of Appolinário et al. (2015) 
who observed that there was no relation of replication with 
different clinical presentations. According to Zhao et al. (2009) 
the difference in pathogenicity would be related to longer 
duration of cytokine and chemokine expression than to the 
effects of viral replication.

CONCLUSIONS
The duration of clinical course of rabies in cattle does not 

significantly affect the intensity of the inflammatory lesions 
in the different areas of the brain, but it does influence the 
development of the NBs, and there is a greater tendency to 
find NBs in rabid cattle that die spontaneously cattle when 
compared to those the were euthanized.

This study’s viral evaluation indicated that for cattle 
infected with the genetic strain Desmodus rotundus (1B), 
variation in viral loads did not directly affect the intensity of 
the histological lesions.
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