
Since the beginning of the 21st century, the incidence of CV 
infections has increased and new viruses have proven their abi-
lity of cross-species infections (44). Coronaviruses (CVs) can in-
fect several mammalian and avian species producing various 
disease syndromes (e.g., respiratory, enteric, neurologic, and 
hepatic disorders). In cattle, the Bovine coronavirus (BCV) can 
induce respiratory and enteric diseases (36, 38) with various 
economic impacts on the beef and dairy cattle industries. Three 
distinct clinical syndromes have been described in cattle: calf 
enterocolitis and respiratory disease, cattle winter dysentery, 
and bovine respiratory disease or shipping fever (1).

The involvement of CVs in calf diarrhoea was accidentally 
discovered by Mebus et al. (1972), and in the following period, 
studies have shown that this virus is one of the major enteric 
pathogens of the calf during the first 3 weeks of life (5, 28, 45). 

BOVINE CORONAVIRUS

BCV belongs to the family Coronaviridae, subfamily Ortho-
coronavirinae, genus Betacoronavirus, subgenus Embecovirus, 
and species Betacoronavirus 1 (16). It has a single serotype/ 
genotype, 3 subtypes, and several sublineages and clusters (7, 
38). BCV is closely related to the Human coronavirus OC43 and 
coronaviruses of caribou (Rangifer tarandus), elk (Cervus ele-
phus), giraffe (Giraffa camelopardalis), Sambar deer (Cervus u-
nicolor), waterbuck (Kobus ellipsiprymnus), and white-tailed 
deer (Odocoileus virginianus) (22, 24, 38, 41). It is possible that 
from ancestral BCV strains evolved Porcine hemagglutinating 
encephalomyelitis virus and HCoV-OC43 (42). CVs are enve-
loped viruses with positive-sense, single-stranded, and non-
segmented RNA genome (from 27 to 32 kb) that encodes struc-
tural proteins [outer-surface spike glycoprotein (S, 190 kDa), 
nucleocapsid protein (N, 50 kDa), membrane protein (M), sur-

face hemagglutinin-esterase glycoprotein (HE, 120–140 kDa)] 
and the viral envelope (E, 8.4–12 kDa) (25). BCV particles are 
pleomorphic, with diameters varying between 80 and 210 nm, 
covered with a double layer of short and long surface projec-
tions (8). The N protein has a molecular weight of 50-52 kDa, 
the M protein about 24 and 26 kDa, and the S protein ~190 kDa 
(8, 33). BCV isolates proved to have some antigenic variability, 
but only one serotype is recognized (37). This pathology is the 
result of that the virus is cytolytic, replaces cuboidal cells from 
the crypts in the small intestine, and leaves denuded mucosa in 
affected areas of the colon (34). BCV is sensitive to several con-
ventional disinfectants, detergents, lipid solvents (e.g., chloro-
form and ether), formalin, and the environment (e.g., heat and 
direct sunlight exposure). BCV stability increases with decrea-
sing temperature and the level of ultraviolet light (8, 38).

EPIDEMIOLOGY

BCV is a ubiquitous pathogen of domestic and wild cattle 
(naturally and experimentally) with cross-species infectious risk 
for dogs and turkey poults (3, 17, 19, 40). Because of the close 
relationship between BCV and other coronaviruses (42) and the 
interspecies transmission capability of BCV, ruminant corona-
viruses can become endemic in adoptive or spill-over hosts. 
Also, zoonotic risk must be considered for some BCV isolates 
(e.g., the HECoV-4408 strain was isolated from a child with a-
cute diarrhoea, is closely related to BCV, and cross-protect 
against the virulent BCV DB2 strain; the HECoV-4408 strain 
infects upper respiratory and intestinal tracts causing diarrhoea 
and intestinal lesions in gnotobiotic calves) (13, 46).

In both dairy and beef herds, a high risk of infection is for 
new-born calves in the first 30 days of life, in the winter season 
(43). New-born calves of BCV-positive cows have a higher risk 
of infection due to periparturient exposure to the calving area and 
the contaminated perineum and teats. The main sources of infection 
are carrier cattle that are shedding the virus in faeces and respira-
tory secretions (2, 9, 14). Also, dogs and wild ruminants could be a 
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reservoir (1, 40). Infected calves can recurrently shed the virus until 
the age of 20 weeks (6, 7, 20). Faeces from calves with clinical signs 
contain a higher viral load per gram and can contaminate inanimate 
objects and workers' feet, clothing, and hands (34). In colostrum-
deprived calves, coronavirus enterocolitis can be recorded from the 
first day of life until the age of 5 months (14, 35). Infection is 
transmitted horizontally from the mother to the offspring or be-
tween calves, by faecal-oral and respiratory routes (9, 14). BCVs 
are associated with serious and economically significant disease, 
with morbidity from 50 to 100% and mortality >50% when it is 
combined with other viral and / or bacterial enteric pathogens (34).

PATHOGENESIS AND PATHOLOGY

BCV replicates in the gastrointestinal enterocytes (mainly in the 
spiral colon) and upper respiratory epithelium (5, 12). The initial re-
plication of BCV occurs in different segments of the small intestine. 
In the next stage,the virus is spreading throughout the large intes-
tine, causing malabsorptive diarrhoea. Maldigestion, malabsorption, 
and inflammation developed at the intestinal level contribute to the 
pathophysiology of the digestive syndrome (34). At the beginning of 
digestive syndrome, faeces are yellow and pasty. In the subsequent 
stage, diarrhoea may be bloody, watery, mucousy and with gut li-
ning fragments (26, 27, 39). The enteric syndrome, associated with 
various degrees of fever, apathy, and anorexia, is usually described 
in calves less than one-month-old. New-borne calves develop diar-
rhoea with severe dehydration, acidosis, and death (3, 34). The mi-
croscopic lesions of the small intestine and colon consist in atrophy 
of the villi (stunted and fused small intestinal villi and atrophied co-
lonic ridges are observed during pathological examination) and a-
reas with denuded mucosa (the virus is cytolytic) (20, 26, 27, 34). 
The atrophy of the villi is due to the death and slough off of intestinal 
epithelial cells, is followed by replacement of it with immature epi-
thelial cells, and by compensatory crypt hyperplasia with increased 
fluid secretion and exacerbated diarrhoea (29). The absorptive, me-
tabolic, and secretory capacity of the intestinal segments will be sig-
nificantly reduced due to the loss of the mature epithelial cells (8, 
29). Nappert et al. (1993) reported that continual feeding provides 
more nutrients than the injured small intestinal epithelium can 
absorb (30) and in the large intestine, the undigested feed will fer-
ment with an accumulation of enlarged fluid quantity, bacterial over-
growth, and overproduction of organic acids (11, 29). The digestive 
syndrome will conduct in severe pathophysiologic changes with de-
hydration, haemoconcentration, metabolic acidosis, and electrolyte 
imbalance (21). Pathophysiologic changes induced by coronavirus 
enterocolitis are nonspecific (also common to E. coli and Rotavirus 
infection) but are of the greatest value for individual patient mana-
gement. In severe coronavirus infections will be recorded low plas-
ma bicarbonate, potassium imbalance, and elevated PCV (34).

MAIN CLINICAL SIGNS

BCV causes calf enterocolitis, contributes to the enzootic pneu-
monia complex, and winter dysentery in adult cattle. Signs of coro-
navirus enterocolitis in calves are nonspecific. The disease has an a-
cute evolution with severe diarrhoea and dehydration, reduced a-
ppetite, depression, and weakness. Mucus and flecks of blood may 
be recorded in faeces. Because of the severe enterocolitis, diarrhoea 
is possible to persist to some degree for 1 week (34).

DIAGNOSIS

Establishing the aetiology of neonatal calf diarrhoea is important 
because various enteric pathogens can induce neonatal calf diarrho-
ea through different mechanisms. Neonatal calf diarrhoea described 
in BCV infection must be differentiated from diarrhoea caused by o-
ther pathogens (e.g., rotavirus, Cryptosporidium parvum, Salmone-
lla Typhimurium, Salmonella Dublin, Salmonella Newport, Clostri-
dium perfringens type C, enterotoxigenic Escherichia coli with the F5 
(K99) antigen, Giardia, BVDV, nematodes, and coccidias) (32). 

In calves, BCV is associated with a more severe clinical disease 
than rotavirus, with higher mortality rates (34). In general, rotavi-
rus affects calves 4 to 14 days old, enterotoxigenic E. coli causes di-
arrhoea in calves 1 to 7 days of age, enterohaemorrhagic E. coli 

causes diarrhoea in calves 2 to 28 days of age, Cryptosporidium 1-4 
weeks, Salmonella 5-14 days, Giardia 2 weeks – 2 months, BVDV in 
the first month of live, nematodes after the 3 first weeks of life, coc-
cidias after the first week of live In BCV affected calves age is be-
tween 5 days and 1 month (15, 32, 34). The BCV and rotaviruses 
cause severe villous enterocyte destruction with malabsorption of 
water and electrolytes and osmotic diarrhoea. Salmonella sp. pene-
trates the mucosa and causes intense submucosal inflammation 
with excess net secretion from the mucosal cells and secretory diar-
rhoea (34). Confirmation can be done by electron microscopy, 
ELISA, or PCR on faeces from calves with acute or peracute diar-
rhoea (collected during the first 24 hours) or intestinal tissue sam-
ples (spiral colon). Also, for confirmation can be used fluorescence 
assay testing on small and large intestines tissue samples, but false 
negative results can be recorded. Therefore, diagnosis is based 
mainly on molecular assays (RT-PCR, nested RT-PCR, and qRT-
PCR) to detect BCV RNA (7). The BCV can disappear rapidly from 
tissue and faeces of calves with neonatal diarrhoea and chronically 
affected animals should not be subject to etiologic diagnostic (34).

PREVENTION AND CONTROL

An important role in the prevention of neonatal calf diarrhoea is 
played by management factors that predispose calves to infection. 
Therefore, every effort should be made to control the following ma-
nagement factors:
 Cleaning maternity pens between deliveries of different cows;
 Removing the calf from the dam, immediately after calving to pre-

vent exposure to faeces;
 Placing the calf in an individual hutch that has been cleaned;
 Put on a new spot since the removal of the last hutch occupant;
 Feeding the calf from its own nipple bottle or pail rather than a 

common feeding device to reduce the spread of viral pathogens;
 The use of a safe pen (a 6 meters square sheltered, fenced-in, 

well-drained, concrete-floor pen located in or near the maternity 
area) can be considered in larger dairies with limited manpower; 
the safe pen should:  o have walls to prevent contact with cows or 

      bedding from the maternity area; 
o be cleaned and disinfected daily with relative ease (removal of 

all bedding before cleaning and fresh bedding after disinfection);
o have a large gate to facilitate cleaning with a bucket loader 

should be installed at one end; 
o becomes the holding area for all new-born calves in the mater-

nity area (not be used as a long-term housing area for calves);
o kept calves until the calf attendant can provide colostrum and 

move the calves to hutches.
 Farm personnel should be in charge of moving new-born calves 

into the safe pen as soon as possible after calving;
 In the maternity area, all personnel should use gloves and foot-

baths to prevent contamination of new-borns with pathogens ca-
rried on boots or clothing. 

 Calves should be housed in ventilated spaces and receive ade-
quate intake of colostrum (3, 34).

Because in the prevention of neonatal calf diarrhoea is assumed 
that local antibody is more important than humoral antibody, ano-
ther important prevention action is based on ensuring adequate co-
lostrum intake. Prolonged feeding of colostrum containing high le-
vels of antibodies against the coronavirus during the first 30 days of 
life confers greater protection (34). The disease can be controlled by 
vaccinating the pregnant dam with a live vaccine to offer a high level 
of antibodies to the virus in the colostrum (3). Colostrum manage-
ment must take into consideration the quality of colostrum,the calf's 
ability to absorb immunoglobulins, and the volume ingested (23). It 
is important to test colostrum quality by using a Brix refractometer 
or colostrometer. Good quality colostrum contains at least 50g/L of 
IgG (colostrum with <20g/L of IgG should be removed from the 
feed of new-born calves). Colostrum quality declines if is contamina-
ted with bacteria. Also, because colostrum quality declines after six 
hours, it is recommended that the colostrum be collected immedia-
tely after calving. In the first hour after birth (max. within 2 hours of 
birth), the calf should receive 4 liters of colostrum (~10% of body 
weight) brought to a temperature of 38-40°C (the sooner the colo-
strum is given post-partum, the more antibodies are absorbed by 
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the intestine the calf will be larger). Administration of the colostrum 
will preferably be done with a nipple bottle that stimulates the su-
cking reflex and the physiological activity of the intestine. However, 
tube feeding should be taken into account because it ensures that 
the full volume of colostrum is received by the calf (an option for the 
calf does not drink the full volume of recommended colostrum with a 
nipple bottle). Colostrum that is not used immediately after milking 
should be frozen at a constant temperature of -18°C (the colostrum 
storage bottle should be labelled with the number of the donor cow 
and the date of collection; colostrum from paratuberculosis-positive 
cows must not be used). The second feeding of the calf with colo-
strum should take place 12-18 hours post-partum (4, 10).

In BCV infections, vaccination is a less reliable and effective me-
thod of protecting calves than the absorption of high IgG concen-
tration colostrum from immunized cows. However, a modified-live 
coronavirus vaccine for intranasal administration to calves was 
shown to decrease the incidence and severity of scours. The efficacy 
of the vaccine was shown in calves 3 days of age and older and safe-
ty in calves 1 day of age and older (34). Treatment with oral electro-
lyte-energy sources may be less efficiently absorbed but may contri-
bute to the patient's well-being during the time of intestinal restora-
tion. Systemic antibiotics can help in secondary bacterial infection of 
the lung, gut, and other systems (34). Non-steroidal anti-inflamma-
tory drugs (NSAIDs) should not be used in dehydrated calves (15). 
The gastrointestinal motility modifiers are contraindicated because 
the reduction in motility will lead to the accumulation of bacteria and 
pathogenic toxins (18). In some cases, treatment with NSAIDs can 
help by reducing the secretory effects of some secondary bacterial 
agents (31), but can be used only when the calf is sufficiently hydra-
ted (15). Probiotics, oligosaccharides, and intestinal protectors were 
proposed in some treatment protocols (18). 

CONCLUSIONS

New-born calf diarrhoea has a great impact on the health mana-
gement and economy of cattle herds worldwide. Bovine coronavirus 
enteric infections in dairy calves have acute evolution with severe di-
arrhoea and dehydration. Treatment of enterocolitis caused by coro-
navirus in calves is expensive and may be unsuccessful. Prevention 
of enterocolitis caused by coronavirus in new-born calves should be 
one of the priorities of calving and calf management. In the neonatal 
period calves are highly sensitive to environmental pathogens and 
maintaining their health of them is strongly related to the hygiene of 
the place where they live. The use of a safe pen must be considered 
mainly in larger dairies with limited manpower. More other research 
is required to find correlates of immune protection and characteris-
tics required to produce effective vaccines that can prevent corona-
virus-associated pathology in calves and control virus spread.
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