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����������� Rabies is a contagious and zoonotic disease caused by Lyssavirus, a neurotropic, 
negative-sense, single-stranded RNA virus. Rabies infects most mammals through the transmission of 
saliva from a rabid animal that enters the body of a healthy animal through an open wound, bite, scratch, or 
direct contact. A post-mortem diagnosis and evaluation are crucial for establishing regional statistical data 
in order to design a robust strategy for combating rabies. Histopathology has long been known to be an 
invaluable source of information regarding the destructive impact of rabies in nervous tissue. In addition to 
other ante-mortem evaluations, a correlation between clinical signs, gross pathological findings, and 
histopathological findings must be established to achieve the maximum target of combating rabies. 
���������This study aims to analyze and compare gross pathological findings and histopathological findings 
in the literature published between 2014 and 2022. ���
���� A comparison between gross pathological 
findings and histopathological findings was conducted on case studies from 2014 to 2022. Anamnesis and 
clinical signs were obtained as supporting data. The findings were presented as percentage to identify the 
predominant pathological signs. �������� A review of four case studies revealed that paralysis, hyperesthe-
sia, gait abnormality, and muscle tremor were the most commonly observed signs (50%). Only two case 
studies revealed gross pathological findings, including meningeal congestion and cerebellar hemorrhage. 
Eight studies identified the intracytoplasmic negri body in Purkinje cells as the most commonly observed 
histopathological finding (100%). 
������	��� The primary clinical signs and gross pathological findings 
associated with rabies are typically regarded as non-specific. Histopathology revealed the intracytoplasmic 
Negri body in Purkinje cells as the most commonly observed finding (100%).

ABSTRAK

��������������� Rabies merupakan penyakit menular dan zoonosis yang disebabkan oleh Lyssavirus, yang  
berjenis neurotropik, negative-sense, dan virus RNA untai tunggal. Rabies menginfeksi sebagian besar 
mamalia melalui transmisi air liur dari hewan rabies yang memasuki tubuh hewan yang sehat melalui luka 
terbuka, gigitan, goresan, atau kontak langsung. Diagnosis dan evaluasi post-mortem sangat penting untuk 
menetapkan data statistik regional untuk merancang strategi yang kuat untuk memerangi rabies. Histopa-
tologi telah lama dikenal sebagai sumber informasi yang tak ternilai mengenai dampak destruktif rabies pada 
jaringan saraf. Selain evaluasi ante-mortem lainnya, korelasi antara tanda-tanda klinis, temuan patologis 
kasar, dan temuan histopatologis harus ditetapkan untuk mencapai target maksimum memerangi rabies. 
������� Studi ini bertujuan untuk menganalisis dan membandingkan temuan patologis anatomi dan temuan 
histopatologis dalam literatur yang diterbitkan antara tahun 2014 dan 2022. ��������Perbandingan antara 
temuan patologi anatomi, dan temuan histopatologis dilakukan pada studi kasus dari 2014 hingga 2022. 
Anamnesis dan tanda-tanda klinis diperoleh sebagai data pendukung. Temuan disajikan sebagai persentase 
untuk mengidentifikasi tanda-tanda patologis yang dominan. ���	�� Tinjauan dari empat studi kasus menun-
jukkan adanya bahwa kelumpuhan, hiperestesia, kelainan gaya berjalan, dan tremor otot merupakan 
tanda-tanda yang paling sering diamati (50%). Hanya dua studi kasus yang mengungkapkan adanya temuan 
patologi makroskopik, termasuk kongesti meningeal dan perdarahan pada otak kecil. Delapan penelitian 
mengidentifikasi adanya negri bodies intracytoplasmic dalam sel Purkinje, yang merupakan temuan histopa-
tologis yang paling sering diamati (100%). ���	������� Tanda-tanda klinis primer dan temuan patologis 
makroskopis yang terkait dengan rabies biasanya dianggap sebagai non-spesifik. Histopatologi menunjuk-
kan bahwa negri bodies intracytoplasmic dalam sel Purkinje sebagai temuan yang paling sering ditemukan 
(100%).
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INTRODUCTION

�e word rabies is derived from the Latin word rabere, which 
means to lose sanity. �is contagious disease was �rst identi-
�ed in the 1880s by Louis Pasteur. Rabies in mammals causes 
fatal damage due to the involvement of the nervous system, 
driven by the negative-sense RNA virus belonging to the 
Lyssavirus genus and the Rhabdoviridae family. Rabies is a 
viral and zoonotic disease that can be prevented by vaccina-
tion. Nevertheless, rabies remains a signi�cant public health 
concern, particularly in Indonesia. �is is because rabies is 
responsible for the deaths of 60,000 individuals worldwide, 
despite the administration of prophylactic vaccines to 15 
million individuals following exposure annually. Rabies is 
prevalent across all continents, with a mortality rate of over 
95% in Asia and Africa (Singh et al., 2017).

�e �rst cases of rabies reported in Indonesia were identi�ed 
in bu�alo in West Java (Esser, 1884) and dogs (Penning, 
1889). Currently, 25 provinces in Indonesia are a�ected by 
rabies. Overcoming rabies in Indonesia is challenging due to 
its close association with animal-to-human contact, increas-
ing demand for animal-derived protein, virus mutation 
patterns, and high mobility patterns of Indonesian citizens. 
Over the past decades, various e�orts to control rabies in 
Indonesia have been made, including dissemination and 
advocacy programs to the citizens, anti-rabies vaccine and 
serum distribution, and diagnosis-based integrated epidemi-
ological investigation (Putra, 2018).

REVIEWS

Data were obtained from eight case studies on rabies in 
animals published between 2014 and 2022. Table 1 summa-
rizes the case histories and clinical symptoms of rabies. Four 
out of eight case studies included in this review did not 
mention any clinical symptoms, while the remaining four 
case studies mentioned clinical signs associated with neuro-
logical, locomotor, and behavioral abnormalities. �e most 
frequently mentioned clinical symptoms in the case studies 
included hypersalivation (75%), paralysis (50%), hyperesthe-
sia (50%), gait abnormality (50%), tremor and muscle 
sti�ness (50%), ataxia (25%), tachycardia (25%), teeth grind-
ing (25%), agitation (25%), and stupor (25%). In addition, 
four out of eight case studies did not mention any gross 
pathological �ndings. However, Rahman et al., (2015) identi-
�ed meningeal congestion and cerebellar hemorrhage as 
gross pathological �ndings (Figure 1). In comparison, 
Coelho et al., (2022) identi�ed hemorrhage in the white 
matter of the spinal cord. 

Histopathological evaluations using the hematoxylin and 
eosin (HE) staining revealed the appearance of intracytoplas-
mic eosinophilic Negri body in Purkinje cells as the most 
frequently observed abnormality (100%), followed by the 
appearance of perivascular cu�ng (87.5%). Other abnormali-
ties were also observed, including satellitosis, gliosis, and 
neuronophagia (62,5%), meningitis (50%), meningeal vessel 
congestion (37.5%) and Purkinje cell necrosis (12.5%) (Table 
2). 
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�e eight case studies included in this review revealed the 
appearance of Negri body in Purkinje cells. Negri body is a 
cytoplasmic inclusion that present as a solid eosinophilic 
mass with disseminated granules and an oval to round shape 
(Figure 2). It can be found in large neuron cells, primarily in 
the pyramidal layer of the hippocampus and within Purkinje 
cells located between the granular and molecular layers of the 
cerebellum (Hatanpaa and Kim, 2014). �e negri body 
de�ned as a viral RNA protein aggregate situated within the 
cytoplasm of the cell (hence its name, intracytoplasmic), is a 
key indicator of rabies when diagnosing the disease using 
histopathology with HE staining. �e presence of a negri 

Table 1. Case history and clinical signs of rabies cases in animals

No. Case History Clinical Signs References 

1. 
10 brain samples of bu�alo with a 
history of canine bite from March 

2012 to September 2014 

Ataxia, hyperesthesia, 
hypersalivation, 

paralysis, gait 
abnormality 

Rahman et al. 
(2015) 

2. 

34 brain samples of animals 
suspected of having rabies (11 

bu�alo, 8 cattle, 13 dogs, 1 cat, 1 
horse) from June 2012 to June 2013 

Not mentioned Sharma et al. 
(2014) 

3. 
50 brain samples of animals (22 

dogs, 16 bu�alo, 7 cattle, 1 donkey, 3 
mongooses, 1 deer) 

Not mentioned 
Beigh et al. 

(2017) 

4. 57 brain samples from 2007 to 2011 Not mentioned 
Beck et al. 

(2017) 

5. 
11 brain samples obtained from 
animals clinically suspected of 

having rabies 

Hypersalivation, 
hyperesthesia, 

aggressiveness, gait 
abnormality, mandibular 

paralysis 

Hananeh et al. 
(2015) 

6. 
11 dogs aged less than six months 

suspected of having rabies 

Hypersalivation, 
hyperesthesia, 

aggressiveness, gait 
abnormality, mandibular 

paralysis 

Arunlanandam 
et al. (2020) 

7. 
Calves aged eight months with 

neurological and behavioral 
disorders 

Hypersalivation, head 
tilting, asymmetrical gait 

Sharif et al. 
(2022) 

8. 
Horse aged four years with sudden 

neurological disorder 

Right hind limb sti�ness, 
muscle tremor, teeth 

grinding 

Coelho et al. 
(2022) 

 

Figure 1. Meningeal vessel congestion in bu�alo (black arrow) 
(Rahman et al. 2015)

body depends on the viral load within the organ. A lower 
viral load results in a more severe encephalitis lesion and a 
greater abundance of Negri body. Conversely, a higher viral 
load result in a less severe encephalitis lesion due to the high 
mortality rate before the virus is capable of developing a negri 
body (Salbahaga et al., 2012).
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�e eight case studies included in this review revealed the 
appearance of Negri body in Purkinje cells. Negri body is a 
cytoplasmic inclusion that present as a solid eosinophilic 
mass with disseminated granules and an oval to round shape 
(Figure 2). It can be found in large neuron cells, primarily in 
the pyramidal layer of the hippocampus and within Purkinje 
cells located between the granular and molecular layers of the 
cerebellum (Hatanpaa and Kim, 2014). �e negri body 
de�ned as a viral RNA protein aggregate situated within the 
cytoplasm of the cell (hence its name, intracytoplasmic), is a 
key indicator of rabies when diagnosing the disease using 
histopathology with HE staining. �e presence of a negri 

Histopathological evaluations using HE staining cannot be 
considered as a stand-alone method for con�rming the 
diagnosis of rabies. Other methods must be considered, 
including ante-mortem and post-mortem examinations, 
�uorescence antibody test (FAT), polymerase chain reaction 
(PCR) test, mouse inoculation test (MIT), and immunohisto-
chemistry (IHC) test. �is review indicated that FAT was 
used in 37.5% of the case studies, whereas PCR and MIT were 
used in 25% and 12.5% of the case studies, respectively.

Clinical signs in rabid animals result from disturbances to the 
nervous system. Hypersalivation appeared as the most 
common neurological symptom in rabid animals (75%). �is 
is caused by the disruption of postganglionic parasympathetic 
nerve �bers due to viral replication. Hypersalivation was 
observed in 50% of the case studies involving bu�alo, cattle, 
dogs, horses, cats, and puppies. �is indicates that no signi�-
cant correlation was observed between species, age, and the 
appearance of clinical symptoms. Kook (2013) suggested that 

No. Gross Pathological Findings Histopathological Findings References 

1. 
Severe meningeal congestion, 

cerebellar hemorrhage 

Intracytoplasmic Negri body in 
Purkinje cells, neuronal necrosis, 

satellitosis, gliosis, neuronophagia, 
meningeal congestion and 

hemorrhage, lymphocytic in�ltration 
of meninges (meningitis) 

Rahman et al. 
(2015) 

2. Not mentioned 

Intracytoplasmic Negri body in 
neurons and Purkinje cells in all of 

the brain samples, perivascular 
lymphocytic cu�ng in 7 samples, 

neuronophagia in 5 samples, gliosis 
in 12 samples, and satellitosis and 

meningitis in 12 samples 

Sharma et al. 
(2014) 

3. Not mentioned 

Negri body in Purkinje cells and 
hippocampal neurons, perivascular 
cu�ng, neuronophagia, meningitis, 

gliosis, congestion, satellitosis 

Beigh et al. 
(2017) 

4. Not mentioned 

Perivascular cu�ng in 47 samples, 
gliosis in 50 samples, satellitosis and 
neuronophagia in 51 samples, Negri 

body in 32 samples. 

Beck et al. 
(2017) 

5. Not mentioned 

Negri body in 5 out of 11 samples, 
meningoencephalitis 

(nonsuppurative), perivascular 
cu�ng, lymphocytic meningitis, 
Purkinje cell and neuronal cell 

necrosis 

Hananeh et al. 
(2015) 

6. No pathological �ndings 

Gliosis, neuronophagia, hemorrhage, 
satellitosis, perivascular cu�ng, 

intracytoplasmic eosinophilic Negri 
body, meningeal vessel congestion 

Arulanandam 
et al. (2020) 

7. No pathological �ndings 

Perivascular cu�ng, lymphocytic 
encephalitis, intracytoplasmic 

eosinophilic Negri body in cerebellar 
Purkinje cells 

Sharif et al. 
(2021) 

8. 
Hemorrhage in the white 
matter of the spinal cord 

Lymphocytic perivascular cu�ng, 
intracytoplasmic eosinophilic Negri 
body in cerebellar Purkinje cells, as 

well as the pons and thalamus neuron 

Coelho et al. 
(2022) 

 

Table 2. Gross pathological and histopathological �ndings in rabid 

body depends on the viral load within the organ. A lower 
viral load results in a more severe encephalitis lesion and a 
greater abundance of Negri body. Conversely, a higher viral 
load result in a less severe encephalitis lesion due to the high 
mortality rate before the virus is capable of developing a negri 
body (Salbahaga et al., 2012).

DISCUSSION

sialorrhea or hypersalivation is a normal condition in pediat-
ric animals during the oral neuromuscular development, 
ranging from 18 to 24 months old. Once the animals reach 
adulthood, hypersalivation becomes abnormal and is associ-
ated with pathological conditions. Furthermore, paralysis is 
the second most frequently observed symptom in 50% of the 
case studies. Paralysis is de�ned as a condition of complete 
loss of motor function. Paralysis typically begins with ataxia, 
a decreased ability to control muscle that leads to involuntary 
motor movements. Paralysis and ataxia are clinical signs that 
result from the disruption to the spinal cord. Paralysis and 
ataxia in rabid animals is attributed to the rabies virus which 
attaches to the G protein receptor in target cells (myocytes, 
local motor, and sensory neurons) as well as ampli�cation in 
myocytes (Ettinger et al., 2016; Singh et al., 2017).

Gross pathological �ndings revealed the presence of menin-
geal congestion and cerebellar hemorrhage. Congestion and 
hemorrhage are pathological lesions caused by hemostasis 
and perfusion disturbances in vascular tissue. Hemorrhage 
occurs due to functional abnormalities of either endothelial 
cells, platelets, or coagulation factors. In contrast, congestion 
occurs due to an alteration in blood �ow, which leads to an 
accumulation of blood within the vessels. �is is typically due 
to vasodilatation, increased blood �ow, or decreased blood 
out�ow in cases of obstruction (Zachary, 2017). 

�e rabies virus, which infects the central nervous system, 
alters the metabolic requirements, resulting in an increased 
blood supply to the brain. �is leads to vasodilatation and 
blood accumulation in the brain and its surrounding tissue. 
�e Beta-2 receptor in blood vessels is responsible for the 
vasodilatation and the subsequent control of the vessel diam-
eter when stimulated by epinephrine. One possible explana-
tion for endothelial damage is due to the release of cytotoxic 

Figure 2. (A). Negri body in the hippocampus of a puppy (yellow 
arrow) (H.E staining at a 1000x magni�cation) (Arulanan-
dam et al. 2020); (B). Negri body in the hippocampus of 
cattle (black arrow) (H.E staining at a 400x magni�cation) 
(Beigh et al. 2017); (C). Negri body in the brain of a bu�alo 
(black arrow) (H.E staining at 100x magni�cation) (Rahman 
et al. 2015); (D). Negri body in the spinal cord of a horse 
(black arrow) (H.E staining at a 400x magni�cation) (Coelho 
et al. 2022).

mediators, which play a crucial role in maintaining the integ-
rity of endothelial cells, such as tumor necrosis factor (TNF) 
(Rahman et al., 2015).

Perivascular cu�ng lesion is the second most common 
�nding in rabid animals. Perivascular cu�ng is de�ned as the 
accumulation of lymphocytes around blood vessels as a 
manifestation of in�ammation or immunity response 
(Figure 3). Typically, this in�ammation occurs with gliosis in 
the brain of rabid animals. Perivascular cu�ng arises as a 
response to seal the infected cells to secure the healthy cells in 
their surrounding environment. According to Berata et al., 
(2014), perivascular cu�ng is predominantly characterized 
by the accumulation of lymphocytes, macrophages, and 
plasma cells. Another lesion commonly found in rabid 
Animal is gliosis (Figure 4). Gliosis, also known as Babes 
nodule, is de�ned as glial cell proliferation with a mild 
in�ltration of leukocytes and plasma cells in infected 
neurons. Glial cells have phagocytic characteristics and are 
typically associated with the presence of inclusion body 
around the neurons. Gliosis is a common response to damage 
or pathological conditions in the brain to isolate the damaged 
tissue, enhance tissue integrity, and limit the spread of 
in�ammation and death of neurons. Gliosis is regulated by 
the release of damage-associated molecular patterns 
(DAMPs) stimulated by dead cells (Mahaling, 2022; Salbaha-
ga et al., 2012).

Satellite cells belong to the oligodendrocytes located in the 
grey matter in the central nervous system (CNS) that 
regulates perineuronal areas. When rabies virus damages the 
CNS and its surrounding areas due to damage to the neurons, 
the satellite cells undergo hypertrophy and proliferation, or 
known as satellitosis. In the HE staining, the satellite cells are 
similar to lymphocytes due to their nuclear morphology and 
cytoplasmic volume (Zachary, 2017). Meanwhile, neurono-

phagia is de�ned as the phagocytosis of microglial cells 
surrounding dead neurons due to infection. Typically, follow-
ing neuronal necrosis, perineuronal edema occurs, which 
results in a hollow space due to the loss of the neuronal cell 
body. On histopathological examination, neuronophagia 
appears as a necrotic neuronal body surrounded by macro-
phages that phagocytize debris cells (Figure 6) (Zachary 
2017). �e �nal and least frequently observed lesion is 
meningitis. Leptomeningitis is a type of meningitis that 
typically occurs in rabid animals. It refers to the in�amma-
tion of the subarachnoid space. �e in�ammatory cell 
in�ltration associated with this condition is typically domi-
nated by lymphocytes, monocytes, and a small amount of 
plasma cells (Figure 7) (Bassuino et al., 2016). 

� �

� �
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Histopathological evaluations using HE staining cannot be 
considered as a stand-alone method for con�rming the 
diagnosis of rabies. Other methods must be considered, 
including ante-mortem and post-mortem examinations, 
�uorescence antibody test (FAT), polymerase chain reaction 
(PCR) test, mouse inoculation test (MIT), and immunohisto-
chemistry (IHC) test. �is review indicated that FAT was 
used in 37.5% of the case studies, whereas PCR and MIT were 
used in 25% and 12.5% of the case studies, respectively.

Clinical signs in rabid animals result from disturbances to the 
nervous system. Hypersalivation appeared as the most 
common neurological symptom in rabid animals (75%). �is 
is caused by the disruption of postganglionic parasympathetic 
nerve �bers due to viral replication. Hypersalivation was 
observed in 50% of the case studies involving bu�alo, cattle, 
dogs, horses, cats, and puppies. �is indicates that no signi�-
cant correlation was observed between species, age, and the 
appearance of clinical symptoms. Kook (2013) suggested that 

sialorrhea or hypersalivation is a normal condition in pediat-
ric animals during the oral neuromuscular development, 
ranging from 18 to 24 months old. Once the animals reach 
adulthood, hypersalivation becomes abnormal and is associ-
ated with pathological conditions. Furthermore, paralysis is 
the second most frequently observed symptom in 50% of the 
case studies. Paralysis is de�ned as a condition of complete 
loss of motor function. Paralysis typically begins with ataxia, 
a decreased ability to control muscle that leads to involuntary 
motor movements. Paralysis and ataxia are clinical signs that 
result from the disruption to the spinal cord. Paralysis and 
ataxia in rabid animals is attributed to the rabies virus which 
attaches to the G protein receptor in target cells (myocytes, 
local motor, and sensory neurons) as well as ampli�cation in 
myocytes (Ettinger et al., 2016; Singh et al., 2017).

Gross pathological �ndings revealed the presence of menin-
geal congestion and cerebellar hemorrhage. Congestion and 
hemorrhage are pathological lesions caused by hemostasis 
and perfusion disturbances in vascular tissue. Hemorrhage 
occurs due to functional abnormalities of either endothelial 
cells, platelets, or coagulation factors. In contrast, congestion 
occurs due to an alteration in blood �ow, which leads to an 
accumulation of blood within the vessels. �is is typically due 
to vasodilatation, increased blood �ow, or decreased blood 
out�ow in cases of obstruction (Zachary, 2017). 

�e rabies virus, which infects the central nervous system, 
alters the metabolic requirements, resulting in an increased 
blood supply to the brain. �is leads to vasodilatation and 
blood accumulation in the brain and its surrounding tissue. 
�e Beta-2 receptor in blood vessels is responsible for the 
vasodilatation and the subsequent control of the vessel diam-
eter when stimulated by epinephrine. One possible explana-
tion for endothelial damage is due to the release of cytotoxic 

mediators, which play a crucial role in maintaining the integ-
rity of endothelial cells, such as tumor necrosis factor (TNF) 
(Rahman et al., 2015).

Perivascular cu�ng lesion is the second most common 
�nding in rabid animals. Perivascular cu�ng is de�ned as the 
accumulation of lymphocytes around blood vessels as a 
manifestation of in�ammation or immunity response 
(Figure 3). Typically, this in�ammation occurs with gliosis in 
the brain of rabid animals. Perivascular cu�ng arises as a 
response to seal the infected cells to secure the healthy cells in 
their surrounding environment. According to Berata et al., 
(2014), perivascular cu�ng is predominantly characterized 
by the accumulation of lymphocytes, macrophages, and 
plasma cells. Another lesion commonly found in rabid 
Animal is gliosis (Figure 4). Gliosis, also known as Babes 
nodule, is de�ned as glial cell proliferation with a mild 
in�ltration of leukocytes and plasma cells in infected 
neurons. Glial cells have phagocytic characteristics and are 
typically associated with the presence of inclusion body 
around the neurons. Gliosis is a common response to damage 
or pathological conditions in the brain to isolate the damaged 
tissue, enhance tissue integrity, and limit the spread of 
in�ammation and death of neurons. Gliosis is regulated by 
the release of damage-associated molecular patterns 
(DAMPs) stimulated by dead cells (Mahaling, 2022; Salbaha-
ga et al., 2012).

Satellite cells belong to the oligodendrocytes located in the 
grey matter in the central nervous system (CNS) that 
regulates perineuronal areas. When rabies virus damages the 
CNS and its surrounding areas due to damage to the neurons, 
the satellite cells undergo hypertrophy and proliferation, or 
known as satellitosis. In the HE staining, the satellite cells are 
similar to lymphocytes due to their nuclear morphology and 
cytoplasmic volume (Zachary, 2017). Meanwhile, neurono-

�

Figure 3. (A). Perivascular cu�ng in the spinal cord of a horse 
dominated with lymphocytes and plasma cells (black 
arrow) (H.E staining at a 400x magni�cation) (Coelho et al., 
2022); (B). Perivascular cu�ng in the cerebellum of a 
bu�alo (black arrow) (H.E staining at a 1000x magni�ca-
tion) (Beigh et al., 2017); (C). Perivascular cu�ng in the 
brain of a dog (black arrow) (H.E staining at a magni�cation 
of 100x) (Beck et al., 2017); (D). Perivascular cu�ng in the 
brain of calf (black arrow) (H.E staining at a 400x magni�ca-
tion) (Sharif et al., 2021).

phagia is de�ned as the phagocytosis of microglial cells 
surrounding dead neurons due to infection. Typically, follow-
ing neuronal necrosis, perineuronal edema occurs, which 
results in a hollow space due to the loss of the neuronal cell 
body. On histopathological examination, neuronophagia 
appears as a necrotic neuronal body surrounded by macro-
phages that phagocytize debris cells (Figure 6) (Zachary 
2017). �e �nal and least frequently observed lesion is 
meningitis. Leptomeningitis is a type of meningitis that 
typically occurs in rabid animals. It refers to the in�amma-
tion of the subarachnoid space. �e in�ammatory cell 
in�ltration associated with this condition is typically domi-
nated by lymphocytes, monocytes, and a small amount of 
plasma cells (Figure 7) (Bassuino et al., 2016). 

Figure 4. (A). Multifocal gliosis in the hippocampus of canine (black 
arrow) (HE staining at a 100x magni�cation) (Beck, 2017); 
(B). Gliosis in the hippocampus of canine (HE staining at 
400x magni�cation) (Beigh et al., 2017).

Figure 5. Hippocampus of rabid cow showing intracytoplasmic 
eosinophilic Negri bodies and satellitosis (arrows) 
(Beigh et al., 2017).

Figure 6. Neuronophagia in the hippocampus of a dog (yellow 
arrow) using H.E staining at a 1000x magni�cation) 
(Beigh et al., 2017).
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�e clinical manifestations of rabies infection in various 
animal species have been associated with damage to the 
nervous system, such as hypersalivation (75%), paralysis 
(50%), hyperesthesia (50%), gait abnormality (50%), tremor 
and muscle sti�ness (50%), ataxia (25%), tachycardia (25%), 
teeth grinding (25%), agitation (25%), and stupor (25%). 
However, no signi�cant correlation was observed between 
signalment, history, and clinical manifestations that appear as 
signs of  rabid animal. During necropsy, the gross pathologi-
cal �ndings included meningeal congestion, cerebellar 
hemorrhage, and hemorrhage in the white matter of the 
spinal cord. Meanwhile, the histopathological �ndings using 
the HE staining included eosinophilic intracytoplasmic Negri 
body in Purkinje cells (100%), perivascular cu�ng (87.5%), 
satellitosis, gliosis, and neuronophagia (62.5%), meningitis 
(50%), meningeal vessel congestion (37.5%), and Purkinje 
cell necrosis (12.5%).
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CONCLUSION

�e author declares that there is no con�ict of interest with 
the parties involved in this literature review.

Figure 5. Meningitis in the cerebellum of a bu�alo (black arrow) 
using HE staining at a 400x magni�cation (Beigh et al., 
2017).
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