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ABSTRACT

Background: Herpetic meningoencephalitis is an infectious contagious disease worldwide distributed, most often caused
by bovine alphaherpesvirus type 5 (BoHV-5), although bovine alphaherpesvirus type 1 (BoHV-1) may occasionally be
the causative agent. The disease is characterized by subacute to acute clinical onset, often affecting animals submitted to
stressful situations. Clinical signs are mainly neurologic due to meningoencephalitis and cortical necrosis. The involve-
ment of the spinal cord has also been reported, however in BoHV-1 associated disease only. The aim of this report is to
describe an outbreak of bovine meningoencephalomyelitis associated to BoHV-5.

Case: In August 2017, nine 1-year-old calves died in a beef cattle farm with a flock of approximately 400 bovines. The
animals presented neurological clinical signs characterized by excessive salivation, nasal and ocular discharges, incoor-
dination, apathy, head tremors, head pressing, wide-based stance, recumbency followed by convulsions and paddling.
According to the owner and referring veterinarian, affected animals displayed severe clinical signs with rapid progression
and often leading to death in up to seven days. Four of these calves were submitted for necropsy, and gross lesions were
present in the brain, characterized by mild to moderate multifocal hemorrhagic and soft areas. On cut surface, extensive
areas of dark brown discoloration and malacia were observed. Histologically, lesions were characterized by extensive areas
of liquefactive necrosis in the cerebral cortex grey matter, associated with inflammatory infiltrates composed of neutrophils,
lymphocytes, plasma cells and foamy macrophages, as well as multifocal to coalescing areas of hemorrhage and fibrin
deposition. Intranuclear eosinophilic inclusion bodies were rarely observed in neurons and astrocytes. On leptomeninges,
there was diffuse inflammatory infiltrates of lymphocytes and plasma cells. Inflammation was also seen in a milder degree
in the spinal cord, characterized by infiltrate of lymphocytes at grey matter, mainly around vessels. A herpesvirus which
induced typical cytopathic effect in cell cultures was recovered from tissues. The isolated virus was typed as BoHV-5 by
nucleotide sequencing analysis of the gC coding region.

Discussion: The diagnosis of meningoencephalomyelitis associated to BoHV-5 was based on epidemiological, clinical,
macroscopical, histological, virological and genomic findings. In the outbreak here reported, the disease occurred in young
animals, with low morbidity but high lethality rates. Clinical signs on this case were consistent with previous reports on the
literature. Bovines affected by BoHV-5 may display no gross lesions within the CNS; however, inflammatory and degen-
erative changes are frequently seen, characterized by malacia, leptomeningeal vessels hyperemia, edema and hemorrhages.
Histologically, non-suppurative necrotizing meningoencephalitis is seen, with perivascular inflammatory infiltrates and,
occasionally, intranuclear eosinophilic inclusion bodies in astrocytes and neurons. Similar but milder lesions were seen in
the spinal cords of two of the necropsied calves, a feature which has only been previously associated to BoHV-1 infections.
The identification of the implicated agent was accomplished by virus isolation in cell cultures followed by genome typing.
Specific treatments for this condition are not currently available, and the number of animals that recover from clinically ap-
parent disease is extremely low. Preventive measures are based on serological testing of herds, and segregation or elimination
of seropositive calves. To avoid progression of the disease in seropositive animals, control efforts must be directed to avoid
stressful conditions. Vaccination with BoHV-1 and BoHV-5 vaccines is expected to confer protection to clinical disease.
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INTRODUCTION

Herpetic meningoencephalitis is a highly fatal
infectious contagious disease caused mainly by bovine
alphaherpesvirus type 5 (BoHV-5), a member of the
family Herpesviridae, subfamily Alphaherpesvirinae,
genus Varicellovirus [11]. Like many herpesvirus in-
fections, BoOHV-5 prevalence in a herd may be high;
despite that, clinically apparent disease is restricted to
a small number of animals, characterized by a suba-
cute to acute clinical onset, usually affecting young or
older cattle submitted to stressful situations [11]. The
infection is distributed worldwide, particularly in South
America, where disease occurs either in small outbreaks
or in isolated cases, with animals displaying neurologic
manifestations associated to meningoencephalitis and
cortical necrosis [5,8]. Involvement of spinal cord has
also been reported, although only in cases where bovine
alphaherpesvirus type 1 (BoHV-1) has been implicated
as the causative agent [1]. In this report, an outbreak of
bovine meningoencephalomyelitis associated to BoH V-
5 infections, occurred at a farm in Southern Brazil.

CASE

Nine, 1-year-old calves, died in a beef cattle
herd in a farm with approximately 400 beef bovines,
in August 2017 (2.25% morbidity and 100% lethality
rates). The farmer reported receiving calves for fat-
tening from different localities (Figure 1-A). Details
of clinical history and clinical signs were obtained
through inquiries to the owner and the referring veteri-
narian. History revealed that clinical signs were severe
and progressed rapidly, with nearly all affected calves
dying in up to seven days. The affected animals pre-
sented neurological signs characterized by excessive
salivation, nasal and ocular discharges, incoordination,
apathy, head tremors, head pressing, wide-based stan-
ce, recumbency followed by convulsions and paddling
(Figure 1-B). Four of these calves were submitted to
necropsy. Gross lesions were present in the brain and
were characterized by mild to moderate multifocal
hemorrhagic and soft areas at frontal, temporal and
parietal lobes (Figure 1-C). On cut surface, extensive
areas of dark brown discoloration and malacia were
observed (Figure 1-D). Gross lesions were not seen
on other organs.

Histologically, lesions were characterized by
extensive areas of liquefactive necrosis in the cerebral
cortex grey matter (polioencephalomalacia) associated

with inflammatory infiltrate composed of neutrophils,
lymphocytes, plasma cells and foamy macrophages at
the frontal lobe (Gitter cells) and multifocal to coales-
cing areas of hemorrhage and fibrin deposition (Figure
2-A). Perivascular cuffing (infiltrate of lymphocytes,
plasma cells and neutrophils) was detected, as well as
edema with prominent endothelial cells on grey and
white matters, multifocal gliosis, neuronal ischemic
necrosis and satellitosis (Figure 2-B). Intranuclear
eosinophilic inclusion bodies were rarely observed
in neurons and astrocytes of three out of four cases
(Figure 2-C). In addition, in leptomeninges, there was
diffuse inflammatory infiltrate of lymphocytes and
plasma cells in all four examined calves. Inflammation
was also seen in a milder degree in the spinal cord in
two necropsiedcalves, characterized by lymphocytic
infiltrate in the grey matter, mainly around vessels
(perivascular cuffing) [Figure 2-D]. Microscopic
examination and severity of all examined bovines is
listed on Table 1.

Virus isolation from samples of frontal cortex,
cerebellum and spinal cord was carried out as previou-
sly described [12]. After three days of cultures’ incu-
bation, a cytopathic effect suggestive of herpesvirus
infection was identified. (Figure 3-A). The presence of
viral DNA in tissues by a differential, type discrimina-
tory polymerase chain reaction (PCR), was performed
as previously described [2]. In such samples, BoHV-5
genomes were identified, whereas no BoHV-1 genomes
could not be detected (Figure 3-B and C).

DISCUSSION

The diagnosis of meningoencephalomyelitis
due to bovine alphaherpesvirus type 5 was based on
epidemiologic, clinical, macroscopic, histologic, mi-
crobiologic and molecular findings. The disease occurs
mostly in young animals, with low morbidity but high
lethality rates [7,8,11,15], although older animals may
occasionally be affected [3]. Differential diagnosis to
herpetic meningoencephalomyelitis include rabies,
hepatic encephalopathy, cerebral babesiosis, malignant
catarrhal fever and polioencephalomalacia [4,11].

The main epidemiologic factors for viral spre-
ading on herds include high density, introduction of
animals from different properties and management
practices which induce stress and, subsequently, im-
munosuppression, as vaccinations, changes on feeding,
castration, weaning, and others [7,8,11]. Additionally,
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Table 1. Histologic lesions and severity presented on each evaluated animal.

Histologic lesion Bovine 1 Bovine 2 Bovine 3 Bovine 4
Liquefactive necrosis and inflammatory
infiltrate (neutrophils, lymphocytes, plasma Severe Moderate Mild Moderate
cells and macrophages)
Hemorrhage and fibrin deposition Moderate Mild Mild Moderate
Perivascular cuffing Severe Moderate Moderate Moderate
Intranuclear inclusion bodies Mild Mild Absent Mild
Gliosis Mild Mild Mild Mild
Meningitis Moderate Moderate Mild Mild
Myelitis Absent Mild Moderate Absent

Figure 1. Meningoencephalomyelitis in calves. A- Calves after weaning with different origins and sharing the same feed trough. B- Neurological
manifestation of depression and head pressing. C- Multifocal areas of hemorrhage (arrows) on frontal lobe and mild leptomeningeal vessels congestion.
D- Transversal section of cerebral cortex, showing brown discoloration with gelatinous consistency (arrow).

in Brazil, herpesvirus infections tend to be highly pre-
valent, and because of the viral characteristics, diseased
animals often represent a minor fraction in relation to the
total number of infected animals [2]. Although in this
case, according to the owner, the animals were not sub-
mitted to handling practices which could lead to acute
stress, the calves were from different places and brought
to the farm for fattening, being put all in the same lot
with high density, in addition to being weaned recently.

Viral transmission occurs by direct or indirect
contact between animals, and initial replication occurs
on oral, nasal, oropharyngeal and ocular mucosa. Once
in the mucosa, viral replication occurs on epithelial
cells, with local and systemic viremia and invasion
of nerve endings. The virus access central nervous
system (CNS) via axonal retrograde transport through
cranial nerves, mainly olfactory and trigeminal nerves,
reaching CNS five to seven days post infection. At
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Figure 2. Histologic sections of meningoencephalomyelitis in calves. A- Extensive area of liquefactive necrosis of grey matter of the cerebral cortex
associated with inflammatory infiltrate composed of neutrophils, lymphocytes, plasma cells and foamy macrophages [Bar= 300 pm]. B- Perivascular
inflammatory infiltrate composed of lymphocytes, plasma cells and neutrophils, mild evidenciation of endothelial cells and mild perivascular and peri-
neuronal edema [Bar= 300 um]. C- Intranuclear basophilic inclusion bodies (arrow) and perineuronal edema, as well as neuronal satelitosis (arrow head)
[Bar= 100 pm]. D- Inflammatory infiltrate composed of lymphocytes and plasma cells on spinal cord [Bar= 500 um].

Figure 3. Meningoencephalomyelitis in calves. A- CRIB cells inoculum of the samples, showing mild cellular vacuolization and cytopathic effect,
characteristic of Herpesvirus. B- Positive sample for BoHV-5, showing band marking of 1 to 4 and 9 to 12. C- Negative samples for BoHV-1, with no
band marking on any of the samples.
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CNS, the agent can actively replicate, causing fatal
meningoencephalitis (the main disease manifestation),
or it can establish latency in sensory ganglia [11,15].

The clinical onset on this case started with
incoordination, depression, ocular and nasal serous
discharge, fever, wide based stance, head tremors,
head press, weight loss, teeth grinding, progressing to
recumbency, convulsions and death, in agreement with
previous descriptions in the literature [7,8,11,15]. The
incubation period may last 7 to 10 days, with a clinical
course varying between 1 to 15 days, with an almost
invariably fatal outcome [11,15], as in this case, where
all calves with clinical signs died in up to 7 days.

Bovines affected with BoHV-5 meningoence-
phalitis may present no evident gross lesions on CNS;
however, inflammatory and degenerative changes are
frequently seen with a broad variation on the degree of
CNS involvement [11]. In the case here reported, ne-
cropsied calves presented lesions at encephalic rostral
portions characterized by leptomeningeal vessels hype-
remia, edema and hemorrhagic areas on cut surface, as
well as softening and yellowish areas on frontal lobes,
features of malacia, as previously described [7,8]. With
the disease evolution, these areas became soft, grayish
and gelatinous, and may leave a cavity between white
matter and leptomeninges (residual lesion) [7,8,11].
However, these lesions were not seen in the animals
examined in the present outbreak.

Histologically, non-suppurative necrotizing
meningoencephalitis is seen, varying according to the
location and severity on each case [11]. Perivascular in-
flammatory infiltrate composed mostly of lymphocytes
and plasma cells on neuropil and meninges, neutrophils
on neuropil, neuronal necrosis and satellitosis and va-
rying amount of gitter cells are observed [5,7,8,11]. Oc-
casionally, there are intranuclear eosinophilic inclusion
bodies in astrocytes and neurons, which are extremely
suggestive of the disease but cannot be observed in all
cases [5,7,8,11]. In the calves examined in the present
study, there was variation on degree of severity for
inflammatory and degenerative changes, and inclusion
bodies were seen in three out of four cases. Additionally,
similar though milder lesions were seen at spinal cord

on two of the necropsied calves, a feature previously
described only for BoHV-1 meningoencephalitis [1].
Diagnostic of herpetic meningoencephalomye-
litis can be presumptive, based on epidemiologic, clini-
cal, gross and histologic findings [4,8,11]. However, due
to genetic and antigenic similarity of BoHV-5 with bo-
vine alphaherpesvirus type 1 (BoHV-1), agent of bovine
infectious rhinotracheitis which can occasionally cause
neurologic disease [8,13], itis necessary to confirm the
identity of the agent, which in this case was done by
virus isolation followed by typing with a discriminati-
ve PCR [2]. No BoHV-1 or other herpesviruses were
recovered from any of the samples examined.
Specific treatments for this condition are not
reported on literature, and the number of animals who
recover of clinically apparent disease is extremely low,
feature also observed on this case. Preventive measures
are based on serological testing of herds, and segrega-
tion or elimination of seropositive calves. However, se-
roprevalence of BOHV-5 infections may be high in Bra-
zilian herds [2]. To avoid progression of the disease in
seropositive animals, control efforts must be directed to
avoid stressful conditions. [4,7,8,11]. Previous studies
provide evidence that animals immunized to BoHV-1
may be, at least partially, protected to BoHV-5 clinical
disease. Some vaccines containing specific BoHV-5
antigen are already available commercially and may
reduce the occurrence of meningoencephalitis. Thus,
vaccination with BoHV-1 and BoHV-5vaccines can
be used in attempting to reduce clinically apparent
BoHV-5 associated disease, although vaccines are not
capable of avoiding infection with wild type virus [11].
This case reports an outbreak of herpetic
meningoencephalomyelitis due to BoHV-5 with low
morbidity and high lethality rates, agreeing with the
literature. Additionally, it was observed inflammatory
lesions in the spinal cord, which was only described
for BoHV-1. This demonstrates the importance of
evaluating the entire central nervous system.
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