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Neonatal diarrhea by bovine coronavirus (BCoV) in beef cattle herds

Diarreia neonatal por coronavírus bovino (BCoV) em rebanhos 
bovinos de corte

Elis Lorenzetti1; Raquel de Arruda Leme1; Juliane Ribeiro1; 
Vilma Rodrigues Almeida de Souza1; Alice Fernandes Alfieri2; 

Amauri Alcindo Alfieri2*

Abstract

Bovine coronavirus (BCoV) is the second most important viral agent involved in neonatal diarrhea in 
calves worldwide. The reports on the frequency of BCoV infection in beef cattle herds under extensive 
management are uncommon in Brazil. The present study analyzed 93 diarrheic fecal samples of calves 
up to 60 days of age from 13 commercial beef cattle herds located in the states of Mato Grosso, Mato 
Grosso do Sul, Minas Gerais, Paraná, and Rondônia. The fecal samples were collected during 2009-
2012 and were previously analyzed for the presence of bovine rotavirus group A (BoRVA), with negative 
results. The presence of BCoV in the fecal samples was evaluated by the partial amplification of the N 
gene by using the semi-nested PCR technique. The expected products of 251 bp length were amplified 
33.3% (31/93) of the analyzed diarrheic fecal samples. The results revealed that coronaviruses has 
important participation in the neonatal diarrhea complex of beef cattle herds reared extensively from the 
different geographical regions of Brazil.
Key words: Calf, coronaviruses, enteric virus, semi-nested PCR

Resumo

O coronavírus bovino (BCoV) é o segundo mais importante agente etiológico viral envolvido em 
diarreias neonatais em bezerros de todo o mundo. Os relatos sobre a frequência da infecção por BCoV 
em rebanhos bovinos de corte criados extensivamente são incomuns no Brasil. Este estudo analisou 93 
amostras fecais diarreicas de bezerros de corte com até 60 dias de idade, provenientes de 13 rebanhos 
comerciais distribuídos nos estados de Mato Grosso, Mato Grosso do Sul, Minas Gerais, Paraná e 
Rondônia. As amostras fecais foram colhidas no período de 2009-2012 e haviam sido previamente 
analisadas quanto à presença de rotavírus bovino grupo A (BoRVA), com resultados negativos. A 
presença do BCoV nas amostras fecais foi avaliada por meio da amplificação parcial do gene N pela 
técnica da semi-nested PCR. Em 33,3% (31/93) das amostras analisadas foi possível a amplificação 
de produtos com tamanho esperado de 251 pb para o BCoV. Os resultados deste estudo demonstraram 
que a coronavirose tem importante participação no complexo diarreia neonatal em rebanhos bovinos de 
corte criados extensivamente em várias regiões brasileiras.
Palavras-chave: Bezerro, coronaviroses, vírus entérico, semi-nested PCR
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Introduction

Diarrhea is one of the most economically 
important syndromes affecting dairy and beef cattle 
herds worldwide. Neonatal enteric disease is the 
leading health problem of calves and is the result 
of interaction of several factors (management, 
nutrition, environment, and infectious) (ALFIERI 
et al., 2006). 

The infectious etiology of neonatal diarrhea 
in calves is complex and involves different 
microorganisms, such as bacteria, protozoa, 
and virus. Worldwide, bovine rotavirus group A 
(BoRVA) is the most common viral agent associated 
with diarrhea in calves (ALFIERI et al., 2006; 
GARAICOECHEA et al., 2006; MARTELLA et 
al., 2010; MAYAMEEI et al., 2010), followed by 
bovine coronavirus (BCoV) (STIPP et al., 2009; 
MAYAMEEI et al., 2010). The co-infection of these 
two viral agents is not unusual and mixed infections 
with viruses, bacteria and/or protozoa is frequent 
(BRANDÃO et al., 2007; OLIVEIRA FILHO et al., 
2007; BARRY et al., 2009; CHO et al., 2010; SAIF, 
2011).

BCoV is member of Nidovirales order, 
Coronaviridae family and is classified as 
Betacoronavirus 1 species in the genus 
Betacoronavirus. The virus has an envelope of 
120-160 nm and a single-stranded RNA (ssRNA) 
genome of positive polarity, which has 27 to 32 Kb 
of length (ICTV, 2011). 

The 13 open reading frames (ORFs) of the BCoV 
genome encode five major structural proteins, 
which are the nucleocapsid (N), the transmembrane 
(M), the hemaglutinin esterase (HE), the spike 
(S), and the small membrane (E) proteins. The N 
gene has been considered a good target for BCoV 
RNA amplification not only because it is a highly 
conserved region among BCoV strains, but is also 
the most abundant antigen in coronavirus-infected 
cells, enhancing the sensitivity of diagnostic 
methods (TAKIUCHI et al., 2006).

The implication of BCoV in neonatal diarrhea is 
known to be most frequent in calves up to 30 days 
of age (TAKIUCHI et al., 2006; STIPP et al., 2009). 
The virus is also responsible for enteric infections 
in adult cattle (winter dysentery) and respiratory 
disease in cattle of all ages (CHO et al., 2001; 
TAKIUCHI et al., 2009). 

The frequency of BCoV infection vary among 
different geographic regions, the cattle production 
type (dairy or beef herds), and the diagnostic 
techniques used. In Brazil, the studies that have 
evaluated the occurrence of BCoV using molecular 
diagnostic methods in stool samples from calves 
presented rates of infection varying from 14 to 39% 
(TAKIUCHI et al., 2006; BRANDÃO et al., 2007; 
OLIVEIRA FILHO et al., 2007; BARRY et al., 
2009; STIPP et al., 2009). However, these results 
of BCoV infection have been associated with both 
dairy and beef calves, and some of the studies have 
reported the BCoV in co-infection with BoRVA. 
The frequency of BCoV infection as single enteric 
viral agent specifically in extensively managed beef 
calves is poorly studied.

In Brazil, the extensive breeding system is 
prevalent within beef cattle-producing farms. The 
Midwest region of Brazil possesses the major 
national cattle herd (34.1%), followed by North 
(20.3%) and Southeast (18.5%) regions. The smaller 
national cattle herd is located in the South region 
of Brazil (13.1%). The ten main Brazilian producer 
states hold 81.1% of the national cattle herd (IBGE, 
2011) 

The aim of this study was to evaluate the BCoV 
presence in diarrheic fecal samples, previously 
known as negative for BoRVA, of beef calves 
managed extensively in different geographical 
regions of Brazil.

Materials and Methods

Ninety-three diarrheic fecal samples from calves 
were included in this study. The samples were 
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derived from a collection of feces obtained from 2009 
to 2012, and were stored at 4°C. All fecal samples 
were chosen according to consistency, age of the 
animals, cattle breed, previous results for BoRVA 
infection by polyacrylamide gel electrophoresis 
(PAGE) (PEREIRA et al., 1983), and the state of 
origin. First, fecal samples from calves up to 60 
days of age with clinical signs of acute diarrhea 
were selected. The fecal samples from beef cattle 
breeds were chosen. Then, it was selected the fecal 
samples that were negative for BoRVA by PAGE 
technique. To complete, only fecal samples from the 
states that are among the ten major cattle producers 
were evaluated.

The Brazilian states that had calf diarrheic fecal 
samples evaluated were Minas Gerais (MG, n=23), 
representing the Southeast region of Brazil; Mato 
Grosso do Sul (MS, n=27) and Mato Grosso (MT, 
n=5), from the Midwest Brazilian region; Paraná 
(PR, n=17) from the South Brazilian region; and 
Rondônia (RO, n=21) from the North region 
of Brazil. A total of 13 beef cattle herds were 
evaluated. The number of herds according to the 
states was MG, n=2; MS, n=5; MT, n=1; PR, n=2; 
and RO, n=3. The herds included in this study were 
not vaccinated against the BCoV.

Fecal suspensions were prepared at 10 to 20% 

(w/v) in 0.01 M phosphate-buffered saline (PBS), 
pH 7.2, and centrifuged at 5,000 x g for 3 min. The 
supernatants were used for nucleic acid extraction.

To determine the presence of BCoV, the viral 
ssRNA was extracted using a combination of 
phenol/chloroform/isoamyl alcohol (25:24:1) and 
silica/guanidinium isothiocyanate nucleic acid 
extraction methods (ALFIERI et al., 2006). 

The semi-nested (SN) polymerase chain reaction 
(PCR) assay was performed using specific primers 
targeting the N gene of the BCoV RNA genome, 
and the technique was carried out according to 
Takiuchi et al. (2006). The amplified products were 
analyzed by electrophoresis on a 2% agarose gel in 
TBE buffer, pH 8.4 (89 mM Tris; 89 mM boric acid; 
2 mM EDTA), stained with ethidium bromide (0.5 
g/ml) and visualized under UV light. The expected 
size of the amplified SN-PCR products was 251 bp. 

Results and Discussion

Of the 93 fecal samples analyzed, 31 (33.3%) were 
positive for BCoV. Within the 13 herds evaluated, 8 
(61.5%) of these were infected by BCoV. Positive 
results for BCoV were observed throughout the 
period evaluated (2009-2012). The results of BCoV 
detection are summarized in Table 1. 

Table 1. Detection of BCoV by SN-PCR assay from fecal samples of diarrheic beef calves according to the herds and 
Brazilian regions/states evaluated.

Region State Herds Samples
Evaluated Positive Evaluated Positive (%)

Southeast MG 2 2 23 8 (34.8)

Midwest MS 5 4 27 13 (48.1)
MT 1 0 5 0

South PR 2 1 17 7 (41.2)

North RO 3 1 21 3 (14.3)

TOTAL 5 13 8 (61.5%) 93 31 (33.3)
MG (Minas Gerais), MS (Mato Grosso do Sul), MT (Mato Grosso), PR (Paraná), RO (Rondônia).
Source: Elaboration of the authors.
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The positive impact of the beef cattle production 
for the Brazilian agribusiness and economy 
highlights the importance of permanent surveillance 
of infections that may compromise the health and 
productivity of cattle herds. The present study 
represents the first survey conducted for the 
detection of BCoV specifically in BoRVA-negative 
fecal samples of diarrheic beef calves from Brazil. 
The frequency (33.3%) of BCoV positive samples 
observed was considered high, since this was a 
cross-sectional study, and reveals that the virus 
has disseminated in different beef cattle-producing 
regions of Brazil.

Herds from all the geographical regions evaluated 
were positive for BCoV infection. There was only 
one state (MT) where BCoV was not detected. A 
more detailed evaluation of this state would be useful; 
however, the inclusion criteria of samples adopted 
for this study made this impossible. Considering that 
MT comprises the major cattle herd of Brazil (IBGE, 
2011) and that the results presented herein refers to 
a small number (n=5) of fecal samples from a single 
herd, suggest that the virus is circulating within beef 
cattle herds from this state. 

The clinical signs of diarrhea in calves depend 
on different factors, such as enteropathogens 
involvement and virulence of strains, immunological 
profile of herds, and the management practices 
adopted in calf production farms (OLIVEIRA 
FILHO et al., 2007).

The findings of BCoV in diarrheic calves 
suggests that the virus had some participation on 
the development of the syndrome, since coronavirus 
in cattle affects the mature absorptive cells lining 
the intestinal villi and mucosal surface in the small 
intestine, leading to villus atrophy and consequent 
osmotic diarrhea (SAIF, 2011). 

Studies have evaluated the presence of 
BCoV in dairy and beef calves in Brazil, but no 
differentiation in the rates of detection based on the 
type of production has been realized (TAKIUCHI et 
al., 2006; BARRY et al., 2009; STIPP et al., 2009). 

Detections of BCoV specifically in beef calves 
from Brazil have been reported, but in co-infection 
with other enteropathogens (BRANDÃO et al., 
2007; OLIVEIRA FILHO et al., 2007). The BCoV 
presence exclusively in extensive cattle herds has 
been poorly evaluated. The results obtained in this 
study reveal that beef calves managed extensively 
are important hosts for BCoV infection. 

Brazilian dairy calves frequently suffer from 
diarrhea, and the environmental and management 
are considered as two important factors that are 
direct and indirectly implicated in the occurrence 
of this syndrome (BOTTEON et al., 2008). The 
intensive and semi-intensive bovine production 
systems are commonly used in dairy herds. The high 
number of animals per herd was suggested to favor 
the occurrence of diarrhea due to the management 
difficulties, the need of more farm workers, and the 
increase of common sources of infection, which is 
directly related to calf mortality, especially in the first 
months of life. Furthermore, the type of installations 
used (individual or collective), although frequently 
underestimated by farmers, can also affect the 
incidence of diseases in dairy calves (MACHADO 
NETO et al., 2004; BOTTEON et al., 2008).

Beef cattle in Brazil are commonly created 
under extensive breeding system. A few years ago, 
neonatal diarrhea in herds of beef cattle breeds 
within extensive management was an uncommon 
event. However, nowadays it has been observed 
with increasing frequency and intensity of diarrheic 
episodes in Brazilian beef calves raised extensively. 

To enhance the productive performance the 
commercial beef cattle herds are being submitted 
to a restructuration of the management practices, 
which includes breeding techniques and the 
adoption of shortened breeding season (3 to 4 
months). However, these management practices 
also increase the risk factors for the health of the 
herds. The use of fixed-time artificial insemination 
has as its main advantages the improvement of herd 
fertility and productivity. Consequently, there has 
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been concentration of parturitions, intensive use 
of calving areas, the abundance and accumulation 
of young animals, which are potential hosts for 
enteropathogens. The early weaning and mixing 
of calves at different ages are other practices 
that, together with environmental contamination, 
increase the challenges and early exposition of 
calves to microorganisms. The differentiated 
management system of the extensively raised cattle 
herds might be related to the sanitary problems 
recently observed in Brazilian beef herds.

The absence of vaccination against BCoV is 
another factor favoring the viral dissemination, 
since the pathogenic potential of BCoV has been 
underestimated by farmers, who do not usually 
immunize their cows. It has been suggested that the 
viral shedding and development of clinical signs 
of disease is less likely in cattle with high level of 
BCoV antibodies (SAIF, 2011). Considering the 
high frequency of BCoV in calves up to 3 weeks 
of age, passive immunity is relevant for preventing 
BCoV infection and dam vaccination is essential to 
provide colostrum rich in anti-BCoV antibodies.

Worldwide, neonatal diarrhea is closely related to 
BoRVA infection. A comparison of the detection rates 
of BCoV (15.9% to 24%) by molecular diagnostic 
methods (TAKIUCHI et al., 2006; BRANDÃO et 
al., 2007; OLIVEIRA FILHO et al., 2007; BARRY 
et al., 2009; STIPP et al., 2009) with BoRVA (9.9% 
to 27.7%) using enzyme immunoassay (EIA) and/
or PAGE (JEREZ et al., 2002; BARREIROS et al., 
2004; ALFIERI et al., 2006; OLIVEIRA FILHO et 
al., 2007; BUZINARO et al., 2009; CARUZO et al., 
2010; FREITAS et al., 2011) from diarrheic fecal 
samples of calves up to 90 days of age revealed that 
the rates of BCoV infection reported herein and in 
other studies performed in different geographical 
regions of Brazil are not distant from the rates of 
BoRVA detections. Interestingly, a high number of 
studies that have evaluated the BoRVA infections 
has been performed, while the investigations 
of BCoV are not frequently realized, probably 
leading to inadequate interpretation of available 

epidemiological data. These observations strongly 
indicate that coronavirus infections are neglected by 
both field veterinaries and farmers.

In conclusion, the BCoV detection from fecal 
samples of diarrheic calves demonstrates that the 
viral infection has been frequent in extensively 
managed beef cattle over the last 4 years (2009-
2012). The results revealed that coronaviruses has 
important participation in the neonatal diarrhea 
complex of beef cattle raised under extensive 
breeding system in different geographical regions 
of Brazil. Specific animal health programs and 
the orientation of professionals and farm workers 
should be established in an attempt to prevent 
productive and economic losses.
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