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ABSTRACT 
 
Meningoencephalitis caused by Bovine herpesvirus 5 (BoHV-5) is an important neurological disease that 
affects Brazilian cattle herds. The present study investigated the presence of BoHV-5 DNA in cattle 
diagnosed with meningoencephalitis at Faculdade de Medicina Veterinária e Zootecnia, UNESP – Univ 
Estadual Paulista from 1980 to 2009. The records obtained from the Large Animal Internal Medicine 
Service and the Animal Pathology Service were reviewed to identify clinical and epidemiological data 
from cattle with neurological signs. Excluding rabies cases, we found 115 cases of cattle with 
neurological signs that had been necropsied. Non-suppurative meningoencephalitis was diagnosed in 28 
animals of the 115 initially selected based on histopathological examination of brain tissues. Of these 28 
animals, 15 (54%) were positive for BoHV-5 DNA by polymerase chain reaction (PCR) of formalin-fixed 
paraffin-embedded (FFPE) brain samples. PCR target was 159-bp fragment from the BoHV-5 
glycoprotein C gene. The oldest case identified in the present study was from 1988. PCR was a good tool 
for the diagnosis of BoHV-5 DNA extracted from FFPE tissues, allowing retrospective studies of samples 
stored for more than 20 years. 
 
Keywords: cattle diseases, herpesvirus 5 bovine, meningoencephalitis, pathology, polymerase chain 
reaction 
 

RESUMO 
 

A meningoencefalite por herpesvírus bovino-5 (BoHV-5) é uma doença neurológica importante no 
rebanho bovino brasileiro. Este estudo tem por objetivo verificar a presença do DNA de BoHV-5 em 
bovinos diagnosticados com meningoencefalite na Faculdade de Medicina Veterinária e Zootecnia da 
Universidade Estadual Paulista, entre os anos de 1980 e 2009. Foram revisados os arquivos do Serviço 
de Clínica de Grandes Animais e da Patologia Animal em busca dos dados clínicos e epidemiológicos de 
bovinos com sinais neurológicos. Excluídos os casos de raiva, foram encontrados 115 casos de bovinos 
com sinais neurológicos, que foram necropsiados. O exame histopatológico realizado nos tecidos 
encefálicos desses animais constatou lesões de meningoencefalite não supurativa em 28 animais. Destes, 
em 15 (54%) casos foi identificada a presença do DNA de BoHV-5 por meio de PCR realizada em 
amostras de tecido encefálico fixadas em formalina e incluídas em parafina (FFPE). O alvo da PCR foi 
um fragmento de 159 pb do gene da glicoproteína C do BoHV-5. O caso mais antigo identificado neste 
estudo foi de 1988. A PCR apresentou-se como boa ferramenta para o diagnóstico do DNA de BoHV-5 
extraído de tecidos FFPE, possibilitando estudos retrospectivos e diagnóstico de amostras com mais de 
20 anos de armazenamento. 
 
Palavras-chave: doenças dos bovinos, herpesvírus bovino 5, meningoencefalite, patologia, reação em 
cadeia da polimerase 
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INTRODUCTION 
 
Bovine meningoencephalitis is a viral infection 
mainly caused by Bovine herpesvirus 5 (BoHV-
5), previously classified as BoHV‐1.3, which is 
an enveloped, double-stranded DNA virus 
belonging to the family Herpesviridae, subfamily 
Alphaherpesvirinae, genus Varicellovirus 
(Roizman et al., 1992). Meningoencephalitis 
primarily occurs in calves, causing death or low 
morbidity and high mortality outbreaks (Rissi et 
al., 2006, 2008). The clinical sings can include 
depression, nasal and ocular discharge, grinding 
of teeth, circling, blindness, nystagmus, 
incoordination, head pressing, falls, recumbency, 
opisthotonus and convulsions (Rissi et al., 2006). 
The disease is not seasonal and has no 
predilection for breed or sex (Barros et al., 
2006), and outbreaks have been associated with 
stressful factors such as weaning, vaccinations, 
transportation or changes in feeding (Rissi et al., 
2008). 
 
At necropsy, gross lesions may not be seen or 
they are restricted to the brain and are 
characterized by hyperemia of the leptomeninges 
with or without malacia. Histologically, the key 
general lesion of affected cattle is non-
suppurative meningoencephalitis. The definitive 
diagnosis can be established through the 
association of clinical and epidemiological data 
with the presence of inclusion bodies in the 
histological evaluation (Barros et al., 2006), 
virus isolation in cell culture, and identification 
of viral proteins and the viral genome by 
immunohistochemical and molecular techniques, 
respectively (Cagnini et al., 2015). However, 
virus isolation is not always possible because of 
the distance between the site where the sample 
was collected and the reference laboratories and 
the time elapsed between the animal’s death and 
sample collection. Immunohistochemistry and 
polymerase chain reaction (PCR) are good 
diagnostic tools. Furthermore, these techniques 
may be successfully applied to formalin-fixed 
paraffin-embedded tissues (FFPE) (Ferrari et al., 
2007), thereby enabling retrospective studies of 
histopathological archives. 
 
The presence of BoHV-5 DNA in paraffin blocks 
of central nervous system (CNS) tissues 
collected from cattle diagnosed with 
meningoencephalitis admitted to the Veterinary 
Hospital of Faculdade de Medicina Veterinária e 

Zootecnia (FMZV), UNESP – Univ Estadual 
Paulista, Campus Botucatu, between 1980 and 
2009, was assessed in the present study. 
 

MATERIALS AND METHODS 
 
A survey of cases of cattle diagnosed with 
neurological disorders and admitted to the Large 
Animal Internal Medicine Service and the 
Animal Pathology Service of FMVZ from 1980 
to 2009 was performed. The record books of 
both services were used; cases were selected  
and rabies-positive cases were excluded  
from the study. Additionally, the records of the 
Veterinary Hospital of FMVZ were searched to 
access the clinical, anatomopathological and 
epidemiological data from the animals. 
 
Subsequently, the archives of paraffin blocks 
from the Veterinary Pathology Service of FMVZ 
were searched to obtain paraffin blocks from 
animals with suggestive signs of neurological 
disease. These blocks were used to prepare 
histological slides for haematoxylin and eosin 
(H&E) staining. Based on the histopathological 
evaluation, the cases were classified as 
suggestive of meningoencephalitis caused by 
BoHV-5. Cases that showed non-suppurative 
meningoencephalitis with or without malacia 
were selected for subsequent DNA extraction 
from FFPE tissues and PCR. 
 
Initially, one brain region was selected for DNA 
extraction and PCR per animal. For this purpose, 
we chose the block with more severe 
histopathologic lesions and gave preference to 
blocks containing the cerebral cortex. In the case 
of a negative PCR, a new DNA extraction was 
prepared from another paraffin wax block of 
brain, and a new PCR was performed. 
 
To prevent contamination between DNA 
extractions from cerebrum samples, the 
microtome was cleaned before and between 
sections of the paraffin blocks and a single 
histological razor and new pair of disposable 
gloves were used for each block. DNA 
extractions were performed using the QIAamp® 
DNA FFPE Tissue Kit (QIAGEN®, Germany) 
according to the manufacturer’s protocol. DNA 
quality and quantity were assessed using a 
NanoDrop™ Spectrophotometer (NanoDrop 
1000 Spectrophotometer, Thermo Scientific™, 
USA). 
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The DNA samples were subjected to PCR using 
the B5 and Bcon primers, which amplify a 159-
bp fragment from the BoHV-5 glycoprotein C 
gene as previously described by Claus et al. 
(2005). 
 

DNA from the BoHV-5 AA PAR strain (Souza 
et al., 2002) provided by the Laboratory of 
Animal Virology, Department of Veterinary 
Preventive Medicine, Universidade Estadual de 
Londrina was used as the positive control in all 
PCR runs. Bovine β-actin was used as an internal 
control in all the PCR reactions to evaluate the 
DNA extraction efficiency and DNA integrity 
(Cagnini et al., 2015). 
 

The PCR products were analysed by 
electrophoresis on a 1.5% agarose gel stained 
with GelRed™ (Biotium, USA), visualized under 
UV light and photodocumented using 
ImageQuant® (GE® Healthcare, UK). The PCR 
results (positive or negative) were compared with 
the presence or absence of malacia by Fisher’s 
exact test using GraphPadInStat 3® software for 
Windows (GraphPad Software, USA). 
 

All the procedures were previously approved by 
the Universidade Estadual Paulista (UNESP) 
Institutional Animal Care and Use Committee 
(91/2009). 
 

RESULTS AND DISCUSSION 
 

In the present retrospective study, 115 cases of 
necropsied cattle with neurological abnormalities 
were identified, excluding rabies-positive cases. 
Of the 115 cases, 69 had paraffin CNS tissue 
blocks stored in the Pathology Service. Of these, 
61 cases had CNS histological alterations. A total 
of 33 cases were diagnosed as 
polioencephalomalacia (29/33) or bacterial 
meningitis/meningoencephalitis (4/33). The 
remaining cases (28/61), which presented non-
suppurative meningoencephalitis, were subjected 
to PCR. BoHV-5 DNA was detected in 54% 
(15/28) of these samples. 
 

The average age of the animals that were PCR 
positive for BoHV-5 DNA was 17 months, with 
a range from 7 to 36 months. Although 
meningoencephalitis caused by BoHV-5 
primarily affects young animals, it may also 
affect adults (Salvador et al., 1998; Elias et al., 
2004; Rissi et al., 2008; Aquino Neto et al., 
2009; Cunha et al., 2009). Indeed, BoHV-5 has 
been described in animals from 1 (Rissi et al., 

2008) to 60 months of age (Salvador et al., 1998; 
Aquino Neto et al., 2009). 
 

In the present study, a greater percentage of 
males (11/15 = 73%) than females (4/15 = 27%) 
was positive for BoHV-5 DNA. However, this 
result is likely a sampling bias because 
meningoencephalitis caused by BoHV-5 does not 
show predilection for sex (Barros et al., 2006). 
The BoHV-5-positive animals were from 15 
different farms located in several cities of the 
Midwest region of São Paulo State (Brazil). Most 
farms were in the Botucatu region, probably due 
to the proximity to the Veterinary Hospital of 
FMVZ. According to Elias et al. (2004), 
meningoencephalitis caused by BoHV-5 had no 
predilection for breed and featured variable 
morbidity. This characteristic was evidenced in 
the present study, in which the disease affected 
animals of different breeds and the morbidity 
rate ranged from 0.005% to 10%. 
 

The oldest case identified in the present study 
was from 1988, which was a few years prior to 
the first report of meningoencephalitis caused by 
BoHV-5 in the state of São Paulo, Brazil 
(Salvador et al., 1998). However, this case was 
contemporary to the first reports of the disease in 
Brazil, which occurred in Rio Grande do Sul 
State and was first attributed to Bovine 
herpesvirus 1 (BoHV-1) (Weiblen et al., 1989; 
Riet-Correa et al., 1989) but was later renamed 
BoHV-5 in 1992 (Roizman et al., 1992). 
 

Previous studies reported that primary 
histological lesions of BoHV‐5 encephalitis are 
non‐suppurative meningoencephalitis with 
mononuclear perivascular cuffs, cerebrocortical 
necrosis, oedema, congestion, haemorrhage, 
focal to diffuse gliosis, and neuronophagia (Rissi 
et al., 2006; Arruda et al., 2010; Cagnini et al., 
2015). Similar lesions were found in the present 
study in all BoHV-5 PCR positive animals, 
although inclusion bodies were not observed in 9 
positive cases. The histopathological lesions 
varied in intensity depending on the CNS region 
and/or animal sampled. Similar alterations were 
found in suspected cases that were negative for 
BoHV-5 by PCR. 
 

Among the 15 PCR positive samples, malacia 
was observed in 87% (13/15) of them. 
Comparatively, the pathological state was only 
detected in 15% (2/13) of the PCR-negative 
cases. According to Fisher’s exact test, there was 
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an association between malacia and positivity for 
BoHV-5 (P = 0.0004). Cagnini et al. (2015) 
described histological changes in 108 CNS areas 
of 6 calves experimentally infected with BoHV-5 
and compared these changes with the PCR 
results. The authors found that PCR-positive 
areas displayed more severe lesions than PCR-
negative areas (Cagnini et al. 2015). The lesion 
intensity was not classified in the present study. 
 
The detection percentage of BoHV-5 by PCR in 
the FFPE brain samples of cattle with a 
histopathological diagnosis of non-suppurative 
meningoencephalitis is varied, as can be 
observed in the present study (54%, 15/28) and 
in previous studies that detected BoHV-5 in 
21.8% [7/32] (Ely et al., 1996), 66.6% [2/3] 
(Gomes et al., 2002), 75% [15/20] (Ferrari et al., 
2007), 33.3% [12/36] (Arruda et al., 2010) and 
33.3% [5/15] of samples (Pedraza et al., 2010). 
The variation in the results exemplified above 
can be a result of tissue fixation process, which 
ensures proper morphological conservation but 
may affect the preservation of nucleic acids and 
negatively affect the PCR results (Barcelos et al., 
2008). According to Karlsen et al. (1994), the 
fixation time causes DNA degradation and 
compromises the PCR results. Arruda et al. 
(2010) demonstrated that samples stored for 
more than 40 days in formalin had less PCR-
positive results than samples stored for less than 
40 days in formalin or frozen. Moreover, PCR-
negative results may occur due to other factors, 
such as insufficient or absent viral DNA in the 
tissue, poor DNA extraction and the size of the 
amplified product in the FFPE samples (Arruda 
et al., 2010; Jacobs, 2012). 
 
The medical records of the present study did not 
show the time elapsed between the animal’s 
death and sample collection, the formalin 
fixation time or the use of buffered formalin. 
Some of these aspects may have contributed to 
the occurrence of PCR false-negative results in 
some of the cases with BoHV-5-suggestive 
lesions by histopathology. However, all DNA 
samples were positive for the bovine β-actin 
gene, which confirm the presence of DNA. 
 
Taking into account the sample storage time, the 
amplicon size (159 bp) amplified by the B5 and 
Bcon primers likely contributed to the positive 
results because PCR with FFPE samples can 
rarely amplify amplicons longer than 300 bp 

even when commercial extraction kits are used 
(Jacobs, 2012). For example, Alcântara et al. 
(2015) obtained different results by using the 
same FFPE sample but changing the amplicon 
size. 
 
The telencephalon was described as the best 
sampling area for diagnostic purposes in BoHV-
5-suspected cases because it presented more 
accentuated lesions and positive PCR areas than 
the other 18 CNS areas evaluated in an 
experimental study (Cagnini et al., 2015). In the 
present study, telencephalon samples were not 
available for all suspected cases of BoHV-5, 
making it impossible to standardize the same 
areas for all evaluated animals; therefore, areas 
with more severe histopathological lesions were 
used. 
 
The detection of BoHV-5 DNA by PCR alone 
does not confirm that the animals had the 
infection because the virus may be latent (Vogel 
et al., 2003). However, PCR-positive results for 
the partial sequence of the BoHV-5 glycoprotein 
C gene associated with clinical and 
epidemiological data suggest that the clinical 
cases assessed in the present study resulted from 
meningoencephalitis caused by BoHV-5. 
 
Another important factor considered in cases of 
PCR-negative results is that different etiological 
agents could cause similar microscopic changes. 
Rabies, malignant catarrhal fever, listeriosis, 
thromboembolic meningoencephalitis, astrovirus 
and other viruses that have been detected by 
metagenomics, and less commonly, 
meningoencephalitis caused by BoHV-1 must be 
considered in the differential diagnosis of BoHV-
5 (Rissi et al., 2006, 2008; Silva et al., 2007; 
Headley et al., 2012, 2014, 2015; Li et al., 2013; 
Wüthrich et al., 2016). 
 

CONCLUSION 
 

PCR on FFPE material was a good diagnostic 
method for suspected BoHV-5 cases, especially 
for archival material. Using this method, the 
epidemiology of past clinical cases could be 
better elucidated and inconclusive cases could 
receive a definitive diagnosis. This methodology 
provided additional knowledge on the natural 
history of the disease. 
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